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Part I. 


s*\Ax /?\/K 

HC« N 2 N HC 5 9 N 2 N 

for \ |j read \ | | . 

HC 5 Cm s N HC 6 »C— 

St/ 

H H 

, , * * 4 : Q-Dimethyl - 2 : 3 : 7 : Q-diazpyridazine n read 

“5 : 7 -Dimethyl-1 : 2 : 4 : Q-benztetrazole," 
„ “4:5: Q- Trimethyl-2 : 3 : 7 : O-diazpyrulazim" read 

“5:6: 7-Trimcthyl-l : 2 : 4 : S-benztetr azole." 
,, “ l-phenyl-Q-methyl-2 : 3 : 7 : Q-diazpyridctzine" read * 

“ 7~phenyl-5-methyLl : 2 : 4 : 9 -henztetrazole." 
,, u i-Hydroxy-Q-methyl-2 : 3 : 7 : 0-diazpyridazine " read * 

“ 7 -Hydroxy -5-methyl-l : 2 : 4 : Q-benztetomole.” 
,, “ 4-J?jwJr(H!jr-5 : G-dimethyl-'i : 3 : 7 : Q-diazopyridazine ” read 

7-Hydroxy-b : Q-dimethyl-l : 2 : 4 : 9-baizt^razdc , ' ’ 

, , “ 4 - Hydroxy- G -pheny l- 2 : 3 : 7 : Q-dia&pyridazine 5> read 

“ 7 -Hydroxy ‘5-phenyLl : 2 : 4 : 9*&erazte£ntzoZe.”* 
, , “ liydroxyphcnyldiazpyridazine ” read 

hydroxyphenylbenztetrazole.” 


Part II. 

“ Georges ” read “ Gabriel.” 


From bottom. 
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W-—The Constituents of Rmnex Ecklonianus. 

By Frank Tutin and Hubert William Bentley ClbWer. 

Eurnex Ecklonianus, Meisner (N. 0. Polygonaceae ), is an herb 
indigenous to South Africa, where it is reputed to possess, medicinal 
proper|ies. It is referred to in “A Contribution to South African 
Materia Medica,” by Andrew Smith, 1895, p. 107, and also in the 
Transactions of the South African Philosophical Society, 18, part 2, 
p. 216. A . botanical description of the plant will be found in 
Lhmaea, 1840, 14 , 493. 

The investigation of the above-mentioned plant has resulted in 
the isolation of a number of crystalline substances, some of which 
are anthraquinone derivatives, such as have previously been isolated 
from other ; members of the Polygonaceae. A complete summary 
of the results obtained will be found at the end of this paper. 


Experimental. 

The material employed consisted of the entire overground 
portions of the above-mentioned Jhimex Ecklonianus , collected at 
the time of flowering, and was received through the kindness of 
Mr. d E. Oliver, of East London, South Africa, who stated that 
it occurred as a common weed on the banks of rivulets and in 



2 


TUTIN AND CLEWER: 


marshy places. It had, however, been incorrectly designated by 
Mr. Oliver as Polygonum tomentosum, var. glob rum, but its 
identity as the first-mentioned plant was ascertained by Mr. 
E. M. Holmes, F.L.S., who had kindly compared it with specimens 
in the herbarium at Kew. 

A portion (50 grams) of the finely-powdered, dried herb was 
successively extracted in a Soxhlet apparatus with various solvents, 
when the following amounts of extract, dried at 110°, were 
obtained : 

50°) extracted 0‘77 gram = 1*54 per cent. 

0*51 „ = 1*02 

„ 0*69 „ =1*88 

„ 0*69 „ = 1-38 

„ 4*07 „ = 8*14 „ 

TolaJ^ — 6*73 grams or 13*46 per cent. 

After having ascertained by a preliminary experiment that no 
alkaloid was present, a quantity (11' 7 33 kilograms) of the dried 
and ground herb was completely extracted by percolation with 
cold alcohol. The greater part of the alcohol was removed from 
the resulting extract, when 1*8 kilograms of a thin extract, con 
taining a quantity of black, tarry matter, were obtained. 

The entire amount of the above-mentioned extract was mixed 
with water and distilled with steam until volatile products ceased 
to be removed. The distillate, which contained a small amount of 
oil, and also some solid, was extracted with ether, the resulting 
ethereal liquid being shaken with a solution of sodium carbonate. 
This treatment removed from the ether a small amount of* a sub- 
stance, which, after being twice crystallised from ethyl acetate, 
formed yellowish-brown, slender prisms, melting at 159°. This 
substance dissolved in concentrated sulphuric acid, yielding a 
golden-yellow liqipd>: and its alcoholic solution gave with ferric 
chloride a green colour, which gradually changed to reddish-brown, 
but the amount obtained was not sufficient for its further examina- 
tion. The ethereal liquid which had been treated with sodium 
carbonate yielded, on evaporation, a small amount of an essential 
oil; which possessed a dark green colour and an odour closely 
resembling that of the rhubarb of the Pharmacopoeias. 

The contents of the distillation flask then consisted of a quantity 
of a dark green resin (A), together with a dark-coloured aqueous 
liquid. These products were separated while still hot, when, on 
allowing the liquid to cool, a quantity of a brown resin (B) was 
deposited. The latter was likewise separated from the aqueous 
liquid (C). 


Petroleum (b. p. 35 — 

Ether 

Chloroform 

Ethyl acetate 

Alcohol 
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Examination of the Green Resin (A). 

The green resin, which formed a viscid mass, and amounted to 
346 grams, was mixed with purified sawdust, and the dried 
mixture extracted successively in a large Soxhlet apparatus with 
light petroleum, ether, chloroform, ethyl acetate, and alcohol. 

Petroleum Extract of the Green Resin. 

This extract, after the complete removal of the solvent, amounted 
to about 100 grams. It was dissolved in 1*5 litres of ether, and 
the ethereal liquid shaken with several successive portions of a 
5 per cent, solution of ammonium carbonate. During shaking 
with the first portion of ammonium carbonate solution, a quantity 
of crystalline substance separated from the ether. This was 
collected, and its examination will subsequently be described. The 
further treatment with ammonium carbonate resulted in the 
formation of inseparable emulsions, owing to the gradual formation 
of a product in the form of an amorphous, black powder. The 
deposition of the latter was effected by removing the ether from 
the emulsion by passing air through the mixture, after which the 
solid was collected, but no crystalline substance could be obtained 
from it. The combined alkaline liquids were acidified, when a 
small amount of a product was precipitated in the form of a 
yellowish-brown powder. This was crystallised several times from 
ethyl acetate, and finally from ether, when it was obtained in long, 
deep golden-coloured needles, melting at 176°, but the amount was 
too small for analysis. 

Isolation of Emodin Monom ethyl Ether . 

The previously-mentioned crystalline product, which separated 
from the ether during the first extraction with alkali, was re- 
crystallised several times from ethyl acetate, with the use of 
animal charcoal, when it formed handsome, golden-coloured plates, 
melting at 197° : 

0*1257 gave 0 3116 CO, and 0*0493 H z O. C = 67’6; H = 4*4. 

Ci 6 Hi 2 0 5 requires C = 67*6; H = 4'2 per cent. 

This substance proved to be emodin monomethyl ether, which 
has previously been obtained by Perkin and Hummel from 
V entilago madra&'patana (Trans., 1894, 65 , 932). Its identity 
was confirmed by the preparation of its acetyl derivative, which 
formed long, pale yellow needles, melting at 185 — 186°. Emodin 
was methylated by Jowett- and Potter (Trans., 1903, 77, 1330), 
who obtained a monomethyl ether, melting at 200°. They con- 

B 2 
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sidered, however, that the ether prepared by them differed from 
the naturally occurring compound, inasmuch as it yielded an 
acetyl derivative melting at 157°. A specimen of the* emodin 
monomethyl ether prepared by Jowett and Potter being available 
to us, we compared it directly with the analogous compound 
obtained from Rumex EcMonianm, when the two substances were 
found to be identical. A quantity of the synthetical compound 
was then acetylat-ed, when the ahove-described acetyl ^derivative, 
melting at 185 — 186°, was obtained.' It is evident, therefore, 
that the natural and synthetical emodin monomethyl ethers 
are identical, and the low melth^g point foundry Jowett and 
Potter for the acetyl derivative of the synthetical compound 
must be attributed to incomplete acetylation. In this connexion 
it may be noted that the conversion of emodin monomethyl ether 
into its acetyl derivative takc^placc only very slowly, unless a 
powerful condensing agent, such as camphorsulphonic acid, is 
employed. In order f uijther to confirm the identity of the natural 
and synthetical compounds, emodin, which was subsequently 
isolated in the present investigation, was methylated, whereby a 
monomethyl ether was obtained, which proved to be identical with 
that occurring in the plant.- 


The ethereal liquid, which had been extracted with ammonium 
carbonate, was then shaken with several successive portions of 
aqueous potassium carbonate. This caused the formation of emul- 
sions, which, after standing for some time, were separated from 
the ether and repeatedly washed with this solvent. In order to 
ensure the complete freedom of the potassium carbonate extract 
from substances insoluble in this alkali, the total quantity of 
emulsion was acidified and the product extracted with much ether, 
after which it was again treated with potassium carbonate, the 
emulsion being separ^pd. from the ether and washed as before. 
This process was twrce s repeated. The alkaline emulsions were 
finally acidified, and thh product extracted with ether, after which 
the ethereal liquid was concentrated to a small hulk and treated 
with light petroleum. This caused the precipitation of a quantity 
of the previously-mentioned black, amorphous powder, which was 
removed by filtration. The clear, dark green filtrate was con- 
centrated to a small bulk, when a quantity of a substance separated 
after some time. This was collected and recrystallised several 
times from glacial acetic acid, after which it formed colourless 
leaflets, melting at 56 — 60°. On analysis it was found to consist 
essentially of palmitic acid. 

The original filtrate from this product evidently contained further 
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quantities of fatty acids, and in order to separate these from any 
phenolic substances which might he present-, the entire product 
was esterified by means of alcohol and sulphuric acid. The material 
was then dissolved in ether and washed with water, after which it 
was shaken with potassium carbonate solution. The first treatment 
with this alkali removed opily^ a quantity of tarry product, but 
the alkaline^ extract^ subsequently obtained were deep red in 
colour, and, on acidification, yielded some einodin, which was after- 
wards obtained |ih larger amount. (V Extraction of the ethereal 
solution of the esters with potassium hydroxide removed only a 
small amount. of impure ernodiu monomethyl ether, but on sub- 
sequently washing it with water; a large amount of chlorophyll was 
removed. 

halation of a Phytosterol , C 2() H at O. 

The ethereal 'iblution of the esters which had been freed from 
substances soluble in alkalis was evaporated, and the residue distilled 
under diminished pressure. When the greater part of the product 
had passed ovef, it ^as observed that the residue in the distillation 
flask possessed a very high boiling point, 1 and tended to become 
solid. The' distillation was therefore stopped, and the undistillcd 
material boiled with alcoholic potash.-^After removing the greater 
part of the alcohol, water was added; and the mixture extracted 
with ether. In this way, a substance - was obtained which 
crystallised from a mixture of ethyl acetate and dilute alcohol in 
colourless plates, melting at 134°: 

0*1024, on drying at 110°, lost 0-0048 H 2 d H 2 0=4*7. 

0 0976 gave 0*2962 C0 2 and 0*1032 H,0. C = 82*8; H = ll*7. 

C^oH^OjHgO requires H 2 0— 5*8 per cent. 

requires C==82*8; H — 11*7 per cent, 

This phytosterol appeared to be identical with rhamnol, an 
alcohol which' was first isolated by Power and Lees from Ko-sam 
fruits (Tear Book of Pharmacy , 1903, 503), and also occurs in the 
bark of Bhamnn s y u-rshiana ( J owett, Proc. Airier. Pharm. Assoc., 
1904, 299). It is evident, however, that this alcohol must have 
occurred nuthef plant in the form of an acid ester, or analogous 
compound, since the product from which it was obtained was 
entirely soluble in alkali carbonates. 

The esters of the fatty acids, which had been separated from the 
above-described alcohol by distillation, were examined in connexion 
with the acids subsequently obtained from the neutral portion of 
the petroleum extract of the resin. 
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Isolation of Chrysoplianic Acid. 

The original ethereal solution of the petroleum extract of the 
resin, which had been extracted with ammonium and potassium 
carbonates, was shaken with a solution of potassium hydroxide. 
This yielded a deep red liquid, which, on acidification, gave a 
quantity of a yellow powder. The latter was mixed with the 
material contained in the mother liquors previously obtained during 
the purification of the emodin monomethyl ether, and the entire 
product fractionally crystallised many times from a mixture of 
ethyl acetate and alcohol. A substance was thus obtained which 
crystallised in deep golden-coloured spangles, melting at 190°: 

0*0807 gave 0‘2097 C0 2 and 0*0307 H 2 0. C = 70‘9; H=4*2. 

C 1: -H 10 O 4 requires C=70*9; H = 3*9 per cent. 

This substance was thus identified as chrysoplianic acid, and its 
identity was confirmed by the preparation of its acetyl derivative. 
The latter compound formed bright yellow leaflets, melting at 
204—205°. 

Dimethyl ether of chrysoplianic acid. — It was shown by Jowett 
and Potter (Joe. cit .) that chrysoplianic acid was not methylated 
when heated in a sealed tube at 100° with sodium and methyl 
iodide in the presence of methyl alcohol. It has now been found, 
however, that methylation does occur if the latter liquid is absent. 

Chrysoplianic acid (0‘2 gram) was dissolved in absolute alcohol, 
and a solution of 0*04 gram of sodium in the same solvent added. 
The liquid was then concentrated, when the sodium derivative, 
which had separated in the form of small, violet-coloured needles, 
was rapidly collected and dried. This was then heated with dry 
methyl iodide in a scaled tube at 100° for six hours. After 
removing the excess of methyl iodide, the residue was acidified 
with acetic acid and dissolved in chloroform, the solution thus 
obtained being freed from unchanged chrysophanic acid by means 
of potassium hydroxide. On removing the solvent, a product was 
obtained which crystallised from ethyl acetate in yellow prisms, 
melting at 190°: 

0*0956 gave 0*2520 C0 2 and 0*0430 H 2 0. C = 71*9; H = 5*0. 

C 17 Hj 4 0 4 requires C=72*3; H = 0*0 per cent. 

Chrysophanic acid dimethyl ether dissolves in cold concentrated 
sulphuric acid, giving a deep purple solution. It is insoluble in 
cold aqueous potassium hydroxide, but on boiling with this reagent 
it slowly dissolves, yielding a red solution, thus indicating that at 
least one methyl group is gradually removed by the alkali. 

The product contained in the mother liquors obtained during 
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the purification of the chrysophanie acid was found to consist 
entirely of a mixture of the latter with emodin monomethyl ether, 
since, after heating at 160° with concentrated sulphuric acid, it 
was resolved into emodin and chrysophanie acid. The total 
amount of anthraquinone derivatives present in the petroleum 
extract of the green resin was 4'5 grams. 

Isolation of Ceryl Alcohol.. 

The ethereal solution of the neutral portion of the petroleum 
extract of the green resin was evaporated, and the residue boiled 
with an excess of alcoholic potash. After removing the greater 
part of the alcohol, water was added, and the unsaponifiable matter 
extracted with ether. The product so obtained was fractionally 
distilled under diminished pressure. The portion boiling below 
305°/ 20 mm. was an unsaturated, oily liquid, but the fraction 
distilling above this temperature gradually solidified. This was 
crystallised’ several times from absolute alcohol, when colourless 
leaflets, melting at 75°, were obtained: 

0 0821 gave 0-2466 C0 2 and 01031 H 2 0. C = 81'9; H = 14 0. 

C 27 H 5g O requires C— $1'8; H = 14‘l per cent. 

This substance therefore appeared to be ceryl alcohol. 

Some phytosterol was present in the mother liquors from the 
above-described product, but no pure substance could be isolated 
from them. 

Isolation of Ipuranol , C 2 3H 3S O : >(0H) 2 . 

The alkaline liquid, from which the unsaponifiable matter had 
been removed by means of ether, was acidified and distilled with 
steam, but no volatile acids were obtained. The contents of the 
distillation flask were then shaken with ether, when a small amount 
of flocculent matter collected in the lower portion of the ethereal 
layer. This was separated by filtration, and purified by 
crystallisation from dilute pyridine with the use of animal charcoal. 
It was thus obtained as a colourless, minutely crystalline product, 
which melted at 285 — 290°, and yielded an acetyl derivative 
crystallising in leaflets, which melted at 162°. A comparison of 
this acetyl derivative with that obtained from ipuranol (Trans., 
1908, 93 , 907) rendered it evident that the two substances were 
identical. 

Identification of the Fatty Acid a. 

The ethereal solution of the fatty acids from which the above- 
described ipuranol had been separated was evaporated to a small 
bulk, and treated with a large volume of light petroleum. This 
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caused the precipitation of a considerable amount of a black, 
amorphous powder, which was removed by filtration. The fatty 
acids contained in the filtrate were then distilled under diminished 
pressure, after which the saturated and unsaturated constituents 
were separated by means of their lead salts. A quantity (6 grams) 
of a mixture of palmitic and stearic acids was thus obtained, which 
melted at 55 — 56°, together with 18 grams pf liquid acids, which 
had an iodine value of 173*9. • k 1 

The previously-mentioned ethyl esters of the acids which had 
occurred in the plant in the free state were then hydrolysed, and 
the resulting mixture of acids similarly separated into its solid and 
liquid components, which amounted to 2 grams and 20 grams 
respectively. The latter product had an iodine value of 169*5. 
In order to ascertain the constituents of these mixtures of un- 
saturated acids, 15 grams of both the free and combined liquid 
acids were together oxidised with potassium permanganate in the 
manner described by Lewkowitsch (Chemical Technology and 
Analysis of Oils , Fats k and Waxes, 1904, 1, 360). This resulted 
in the formation of isolinusic acid and di- and tetra-hydroxystearie 
acids, the last-mentioned compound predominating^ The un- 
saturated acids therefore consisted of linolic acid, together with 
smaller amounts of isolinolenic and oleic acids. , 

• • *'; ":> x , * V 1 ."' 1 ' 

Ethereal Extract of the Green Resin. 

Isolation of Emodin and Kaemp feral. 

This extract amounted to 62 grams. A portion of it (about 
6 grams) was very sparingly soluble in ether, and formed a nearly 
black, amorphous powder, from which nothing could be isolated. 
The ethereal solution of tHe more readily soluble portion of the 
extract was first treated with a solution of ammonium carbonate, 
but this removed only resinous products, from which nothing 
crystalline could be separated. The ethereal liquid was then 
shaken with six successive portions of aqueous., potassium carbonate. 
The first of these operations caused the precipitation- of a small 
amount of black tarry matter, which yielded nothing crystalline, 
but the aqueous, alkaline liquids subsequently obtained possessed 
a deep red colour, and, on acidification, yielded a brown powder. 
This was collected and submitted to a number of fractional 
crystallisations from glacial acetic acid, when it was ultimately 
resolved juto two products. One of these formed pale yellow, 
acicular crystals, melting at 276°: 

0 0688 gave 0*1586 CO., and 0*0227 TI.,0. 0 = 62*9; H = 3*7. 

CjsH’hA; requires C = 62*9; H = 3*5 per cent. 
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Although the total amount of the above-described product did 
not exceed 0*15 gram, its identity as kaempferol (1:3: 4 tri- 
hydroxyflavonol) was positively confirmed by the characteristic 
behaviour of its acetyl derivative. The latter compound, prepared 
in the usual manner -^and 'recrystallised from methyl alcohol, first 
melted at 1 21°^ theu!kesQlidified,-,and finally fused at 182° (compare 
Perkin, Trans.'', i9G2jJBl, ^ & 

The from the potassium 

carbonate extract;, of the portion jiolp the., resin soluble in ether 
formed dark j^d needles, melting at 255*f,||4 amounted to 1 gram : 
0*0803 and 0*0281 H 2 0.\ C==66*4; H = 3*9. 

€ = 66*7 ; H— 3*7, .per cent. 

The identity this *<hib stance with emodin was confirmed by 
the preparation ot its acetyl derivative, which formed golden-yellow 
needles, melting^ at 190 — 191°. v 
Subsequent tteatment of the original ethereabliquid with aqueous 
potassium hydroxide removed about 4 ’grams of a mixture of 
chrysopbanic apid and emodin monomethyl "ether, after which the 
ethereal li^id contained only sm^ll amounts^jpf green resin. 


Chlorqfomiy^thyl Acetate, and AJfCp&lic Extracts of the Green 

The chloroform, pthyl acetate, and alcoholic extracts of the 
resin amounted to 60, 50, and 70 grams, respectively. They were 
all examined in an exhaustive manner, 'but were found to consist 
entirely of resins. ’ 


Examination of the Broum Resin ^(B). 

Tliis r^jjjJwhich was soluble in hot water, but again separated 
on allowing. rits solution to cool, was thoroughly examined, but 
nothing definite could be isolated from itiv. In order to ascertain 
whetheltyit contained a glycoside, a portion qf ; it was submitted to 
the action; of 5 per cent?', aqueous sulphuric^acid, but no sugar was 
formed $yy this treatmi||ifc^ ... 

... / f^ExamMSation of the Aqueous Liquid (C). 

The original dark-coloured aqueous liquid (C) was evaporated 
under diminished pressure to about 1*5 litres, a.nd extracted many 
times with ether. The ethereal liquid thus obtained was treated 
first with a solution of ammonium carbonate, then with sodium 
carbonate, and finally with aqueous sodium hydroxide. The first 
;fr °f these reagents removed a small amount of a product in the 
form of a gum-like mass, but on extracting the latter with sue- 
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cessive portions of boiling benzene, evidence was obtained of the 
existence in it of several crystalline substances. The amounts were 
so small, however, that none of these could be isolated in a state 
of purity. The sodium carbonate extracts yielded a small amount 
of emodin, and a little of a compound which formed pale yellow, 
acicular crystals, melting at 247°. The latter compound appeared 
to be pure, but the amount was too small for analysis. : It dissolved 
in alkalis, yielding a solution which was at first colourless, but 
darkened on exposure to the air, whilst its solution in concentrated 
sulphuric acid exhibited a purple-blue fluorescence. The material 
removed from the original ethereal liquid by means of alkali 
hydroxide yielded nothing definite. 

In order to search for a glucoside in the aqueous liquid, the latter 
was further evaporated under diminished pressure, and the resulting 
syrup submitted to a prolonged process of extraction with absolute 
alcohol, followed by ethyl acetate, in a manner similar to that success- 
fully employed by Power and Moore for the isolation of ?-mandelo- 
nitrile glucoside from the bark of Prunm serotina (Trans., 1909, 
95. 257). During this process 80 grams of potassium chloride 
and a considerable amount of' ammonium chloride separated, 
but no indication could be obtained of the presence ,, of a 
glucoside. The viscid syrup, representing the organic con- 
stituents of the aqueous liquid which were insoluble in ethyl 
acetate, was then dissolved in water, and treated with an excess of 
a solution of basic lead acetate. This caused a voluminous pre- 
cipitate, from which nothing definite could be isolated. The 
filtrate from the basic lead acetate precipitate was deprived of 
lead by means of hydrogen sulphide, and concentrated ^ under 
diminished pressure. The liquid so obtained contained a small 
amount of a sugar, which yielded d-phenylglucosazone '(m. p. 214°), 
and, on keeping for some time, a considerable quantity of 
ammonium nitrate was deposited, but no other crystalline sub- 
stance could be obtained from it. 

Summary. 

The results of the preceding investigation of Rmncx Ecklonianus, 
Meisner, may be summarised as follows. 

An alcoholic extract of the herb, when distilled with steam, 
yielded a trace of a substance which formed yellow prisms, melting 
at 159°, together with a small amount of essential oil. The non- 
volatile constituents of the extract consisted largely of brown, 
resinous matter and a product which slowly formed a black, 
amorphous powder, but the following definite substances were also 
obtained: Ceryl alcohol; a phytosterol, C 2 „H 34 0 ; apparently 
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identical with rhamnol; palmitic, stearic, oleic, linolic, and ho- 
linolcnic acids; a small amount of ipuranol, C 23 H ;j8 0 2 (0H) 2 ; 
kaempferol; chrysophanic acid; emodin; and emodin nionomethyl 
ether; together with traces of other crystalline substances and 
large amounts of inorganic salts. A sugar which yielded ci-plienyl- 
glucosazone “was also present in small amount, but no evidence 
could be obtained of the presence of a glucoside. The emodin 
monomcthyl ether which was isolated was identical with that 
obtained , by Perkin and Hummel from Ventilago mad raspatnna 
(Trans., 1894, 65, 932), and with that prepared synthetically by 
Jowett and Potter (Trgns., 1903, 77, 1330). The dimethyl ether 
of chrysophanic acid was prepared, and obtained in yellow prisms, 
melting at 191°. 

The extract from this plant, like many other products containing 
anthraquinone derivatives, was found to possess a mild purgative 
action. 

Thu Wellcome Chemical Research Laboratories, 

London, E.C. 


II. — Cyanocarone. 

By Reginald William Lane Clarke and Arthur Lapworth. 

Although carvone and its dihydrp-derivative only differ inasmuch 
as the six-carbon ring in the former contains an ethylenic linking, 
the products which their hydrobromides yield by loss of hydrogen 
bromide under the influence of alkalis are quite different in 
structured as carone contains a threc-carbon and a six-carbon 
ring, whilst neither nucleus is present in eucarvone, which appears 
to contain only one seven-membered ring (Wallach, Annalev, 1905, 
339, 94ji r et seq.). 

The explanation of the formation of eucarvone which most 
naturally suggests itself is the one indicated by Wallach, namely, 
that in the first stage of the action of potassium hydroxide on 
carvone hydrobromide, halogen hydride is removed in the same 
manner as in the case of dihydroearvone hydrobromide, but that 
the molecule of the resulting compound is less stable than that of 
carone, owing to the additional strain produced by the ethylenic 
linking, and consequently the cyclopropane ring is at once resolved, 
but between the two carbon atoms which previously formed part 
of the six-ring of the carvone hydrobromide; hitherto, however, no 
direct evidence confirming this idea has been forthcoming Had it 



12 


CLARKE AND LAPWOKTH : CYANOCARONE. 


been possible to remove two hydrogen atoms from carone, or to 
separate two groups from adjacent carbon atoms in a substitution 
product of carone, in such a way as to produce an ethylenic linking 
at the position where this is found in the hypothetical intermediate 
compound, it would have been possible to ascertain whether this at 
once resulted in the formation of eucarvone, and t^fe to confirm 
the view referred to, but no substituted deriv^tivesjof carone yet 
appear to have been obtained either by direct substitution or by 
preparing them from substituted dihydrocarvones. _ f 
The investigation of the action of alkalis on cyanodihydrocarvone 
seemed likely to lead to the formation of-suM^a substituted carvone, 
and since it has been shown by one of us that 0-cyano-defivatives 
of ketones are frequently convertible intd;;ajff-tins^turatcd ketones 
by the action of alkalis in presence of ferrous hydroxide, a possible 
mode of attacking this question was promised. 

After many unsuccessful attempts, pure cvanoca$5ne was obtained 
by a method similar to that used in preparing carone from dihydro- 
carvone, and under certain conditions it was found that cyano- 
dihydrocarvone hydrobromide might be converted ne'ltly quantita- 
tively into the new substance, only traces of cyanodihydrocarvone 
being regenerated: ^ 

- * M; . 

CEMe<g^)- CH ^CMe, + HB, 

A mixture of isodynamic forms is doubtless produced in the 
first instance, but in presence of the alkali, which acts as 
equilibrator, these, during the process of solidification, change with 
such ease that only one isomeride remains, the equilibrium mixture 
being saturated with respect to one form. '• : ^ r 

The product, when nearly pure, crystallises in massive, transparent 
forms, and has the properties which it might be anticipated a 
substance having the above constitution would possess. . By the 
action of mineral acids, the cyd-opropane complex is Attacked in 
all cases before the cyano-group is affected, and witji^ halogen 
hydrides the first product appears invariably to*be the compound 
of the acid with cyanodihydrocarvone, the reaction above repre- 
sented taking place in the reverse sense. 

The nitrile is saturated in character, and is attacked by cold 
permanganate solution only with great difficulty, but at the water- 
bath temperature it is oxidised in alkaline solution, yielding caronic 
acid, the presence of the dimethylcycZopropane nucleus thus being 
confirmed. With acid permanganate, another acid, apparently 
isomeric with caronic acid, but not yet described, is produced. 
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By the action of alkalis, however, the substance loses the elements 
of hydrogen cyanide, and if hot dilute aqueous alkali is used in 
presence of ferrous hydroxide to facilitate this reaction, the volatile 
product being allowed to pass away at once in the steam, eucarvone 
is obtained. The product which cyanocarone should normally yield 
bv the action* bfalklli is .the ctfLunsaturated ketone: 

J ' T' PH* *%,“»■ 

J3B>CH»'CEL 






€ 0 *~ 


■^-j4rNcHe 2 


or the hypothetical^ intermediate product-in the preparation of 
eucarvone from C5^V(^ff liydrobromidc . It ..follows, therefore, that 
at 100°, even ^Wprej^nce of quite dilute aqueous alkali, this 
substauce is at once converted into eucarvone. As 

the cyanocarone certainly Contains the cyclopropane ring, which 
is not stable togalkali, it sccmsT certain that the presence of the 
cthylenic linking-in the six-carbon ring to which the cyclopropane 
nucleus is attired does in fact render,, the molecule unstable, 
and leads mralnf to the opening of the three-carbon ring at the 
point indicated bjr the dotted line. 

The matter is of further general intere^too, in contrasting the 
modern ^Jiich the cycfopropanejgi^Ieus breaks down under 
varying conditions. It would not; 'appear reasonable to suggest 
that the complex *CMe 2 *CH! is less stable than ’,CH*CHI, as under 
the influence of halogen hydride it is the former which is resolved. 
Nor can it be maintained that either is# in such a position with 
reference to the keto- or cyano-group as would render it more liable 
to attack on this account. It would rather appear that when the 
carbon ring is saturated there, is the less strain when' the ring is 
compose fepfis ix atoms, but when, there is an cthylenic linking in 
the nuc^^pah least in certain positions, then the reverse obtains* 
and the: sfnallety ring is the less stable one. 


J.EXP K R I M E N T AL. 


** Formation of Cyanocarone , 


CMe 2 < ( 


,CH~CO-CHMe 
CH-CIL-CH-CN ‘ 


The hydrobromide of cyanodihydrocarvone, prepared as described 
by Lapworth (Trans., 1906, 89, 1826), was rapidly crystallised 
from alcohol, and treated in the following manner. The hydro- 
bromide (160 grams) was suspended in methyl alcohol (300 c.c.), 
cooled to 0°, and to the pasty mixture an icc-cold solution of 
potassium hydroxide (36 grams) in methyl alcohol (150 c.c.) was 
added ‘gradually with frequent agitation. The resulting liquid 
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was kept for some hours, while it gradually assumed a violet colour, 
potassium bromide being deposited. The whole was then saturated 
with carbon dioxide, and the precipitated potassium bromide and 
bicarbonate separated by filtration; the methyl alcohol was 
removed by distillation, and the volatile material expelled with the 
aid of a rapid current of steam. In some experiments the oil 
remaining in the distillation flask solidified on cooling, but it was 
found to be advantageous, as a rule, to shake the semi-solid 

material for some time with an ice-cold solution of potassium 

permanganate, added gradually until the colour of the latter was 
no longer discharged, the excess of permanganate and the pre- 
cipitated manganese dioxide being subsequently removed by sulphur 
dioxide. The crude cyanocarone, which solidified on again cooling 
the liquid, was collected, and crystallised several times from 
alcohol : 

0*2158 gave 0*589 C0 2 and 0*166 H 2 0. C=74*4; H = 8*55. 

0*2206 „ 0*606 C0 2 „ 0*172 ELO. C=74*9; H = 8*66. 

0*1264 „ 9 0 c.c. No (moist) at 19° and 757 mm.;-/ N=8*15. 
C n H 15 ON requires C = 74*6; H = 8*47; N = 7*92 per cent. 

Cyanocarone is very soluble in ethyl and methyl alcohols, ether; 
acetone, benzene, or ethyl bromide, fairly so in light petroleum, 
and almost insoluble in water. It crystallises with great readinfess 
from its alcoholic solution in large, colourless, six-sided, transparent 
crystals, which melt sharply at 54 — 55°. When strongly heated, 
cyanocarone boils and distils with some decomposition above 300°. 

0*201, made up to 25*05 c.c. with absolute alcohol, at 18° gave, 
in a 2-dcm. tube, a J , + 4*79°, whence [a] D + 298°, 

0*2306, made up to 25*1 c.c. with absolute alcohol, at 20° gave, 
in a 2-dcm. tube, a D j-5'45°, whence [a] D + 297°. 

Cyanocarone is only very slowly attacked by a cold aqueous 
solution of potassium permanganate, or by a solution of the same 
salt in acetone at the boiling point of the solvent. It does not 
decolorise a solution of bromine in glacial acetic acid in presence of 
sodium acetate. 

The stmicarbazide, C^HjjNl^H'CChNHg, crystallises from 
alcohol in thin, flat, rectangular plates, which melt rather 
indefinitely, and decompose slightly at 218 — 221°: 

0*1526 gave 31*6 c.c. N 2 (moist) at 15° and 758 mm. N = 24*18. 

C 12 H 18 ON 4 requires N = 23*93 per cent. 

Cyanocarone also yields an oxime, but this could not be obtained 
in crystalline form. 



CLARKE AND LAPWORTH : CYANOCARONE. 


15 


Action of Alkali and Ferrous Hydroxide on Cyanocarone. 

On boiling cyanocarone with, a 10 per cent, sodium hydroxide 
solution, an oil with a peppermint-like odour is produced, and the 
aqueous solution gives the reactions of a cyanide. The removal 
of hydrogen cyanide appears to take place more readily in presence 
of ferrous, hydroxide, and. for the investigation of this decom- 
position the following conditions were employed. Twenty grams 
of cyanocarone, 12 grams of potassium hydroxide, 4 grams of 
ferrous chloride, and 1B0 c.c, of water were gently ~ heated in a 
flask attached to a condenser, and the water which distilled over, 
carrying with it the odorous oil, was replaced by gradually adding 
water to the flask. The process was continued until the aqueous 
distillate no . longer contained an appreciable quantity of oil. The 
distillate was then saturated with common salt, and the oil 
extracted with ether. On fractionation, 4*4 grams of liquid boiling 
between 205?* and 208°, and IT grams boiling between 208° and 
215° were obtained, a small amount of residue, which underwent 
decomposition on further heating, remaining in the distilling flask. 

The oil thus obtained readily decolorised a solution of bromine, 
and. gave a reddish-violet colour on boiling with methyl-alcoholic 
potash. ' It yielded an easily crystallisabla semicarbazide, which, 
on recrystallisation from alcohol, melted at 183 — 184°: 

0T978 gave 35*5 c.c. N 2 (moist) at 19° and 751 mm. N = 2038. 

C n H 17 ON 3 requires N= 20*29 per cent. 

On mixing this semicarbazide with eucarvone semicarbazide, 
prepared as described by Wallaeh and Lohr (Annalen, 1899, 305, 
237), the mixture melted at 183 — 184°; the product, after repeated 
crystallisation from methyl and ethyl alcohols, was optically 
inactive. The conversion of cyanocarone into eucarvone by the 
above process is not quantitative, and a considerable amount of a 
white substance crystallises out of the aqueous residue. This was 
isolated by diluting the residual liquid in the flask with water, 
heating to boiling, and filtering, when, on cooling, the substance 
separated, and was purified by recrystallisation from water, and 
finally from alcohol : 

0-2278 gave 0*5630 C0 2 and 0*1786 H 2 0. C = 6?*43; H = 8/72. 

0*203 „ 13*3 c.c. N 2 (moist) at 20° and 756 mm. N = 7*45. 

C n H 17 0 2 N requires C=67 - 69j H = 8*72; N=7*18 per cent. 

The substance has the properties of a saturated lactam or 
anhydramide, it is unaffected by a cold potassium permanganate 
solution, or by boiling aqueous or alcoholic potassium hydroxide 
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solutions, and is only slowly changed by fusion with potassium 
hydroxide and a few drops of water. It crystallises from water 
or alcohol in square plates or cubes, melting at 210— -212°. 

Action of Hydrogen Halides on Cyanoqa^ie. 

When heated with concentrated hydrochloric acidtbn the water- 
bath, cyanocarone yielded an acidic substance, which,' appeared to 
be a mixture of the stereoisomeric dih'ydrocaryonecarboltylic acids 
(Trans., 1906, 89, 1823) ; from this after repeated crystallisation 
from carbon .tetrachloride and finally ethyl s’acetafci^' to unsaturated 
acid melting at 141 — 142° was obtained, which was identified by the 
mixed melting-point method as jS-dihydrbcarvonecarboxylic acid. 
With a cold saturated solution of hydrogen chloride, cyanocarone is 
first converted into a hydrogen chloride additive product identical 
with that obtained from cyanodihydrocarvone, the cyclopropane ring 
undergoing fission. This substance on further treatment with 
hydrochloric acid loses the elements of hydrogen chloride, and the 
•CN group is converted- into the CONH 2 group, the^amide of the 
unsaturated dihydrocarvonecarboxylic acid being formed. Twenty 
grams of cyanocarone were suspended in 100 c.c. of concentrated 
hydrochloric acid, and the mixture was saturated with hydrogen 
chloride in the cold. The cyanocarone dissolved, and after^ a short 
time a white, crystalline substance separated, which was purified 
by crystallisation from alcohol! 

0*3035, after being heated with fuming nitric acid and 0*325 of 
silver nitrate, required 4*5 c.c. of 0'112A T -thiocyanate. 
Cl = 16*5. 

CjjHjgONCl requires Cl =16' 6 per cent. , r 

The substance crystallised from alcohol in flattened, ^prismatic 
needles, melting at 69°, and when mixed with cyanodihydrocarvone 
hydrochloride its melting point was unaltered. 

0*402, made up to 25 c.c. with absolute alcohol, at lJ8?,.^gave, in 
a 2-dcm. tube, a D + 0*82°, whence [a] D + 25*6°. Cyanodihydrocarvone 
hydrochloride has [a] D +25;3° at 18° (Trans., 1906, 89^826). 

When cyanocarone is dissolved in a saturated -solution of 
hydrogen bromide in glacial acetic acid, and kept for some time, 
a crystalline substance separates, of which a further amount can 
be obtained by diluting the acetic acid solution with water; this 
was collected and crystallised from alcohol : 

0*296^, after being heated with fuming nitric acid and 0*2478 
of silver nitrate, required 2*68 c.c. of 0*1122V 7 -thiocyanaie. 
Br = 30*7. 

C^H^ONBr requires Br=31*0 per cent. 
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The substance crystallised from alcohol in flattened needles, 
melting at 85° and on mixing it with cyanodihydrocarvone hydro- 
bromide, its melting point was unaltered: 

0*3546, made up to 25‘1 c.c. with absolute alcohol, at 14°, gave, 
in a 2-dcm. tube, a D + 0*72°,. whence [a] D + 25 '5°. 

0*3208 of cyanodihydrocarvone hydrobromide, made up to 24 9 
c.c. with absolute alcohol, ..at 14°, gave, in a 2-dcm. tube, cqj + O'665 0 , 
whence : 

Unsaturated Amide. — Wjien cyanocarone, is allowed to remain 
with saturated ^queous . hydrogen chloride for some hours, the 
hydrochloride a^^r^t^rmed slowly dissolves. When the liquid 
no longer gave the. reactions of a nitrile, it was diluted with twice 
its volume of Tyate|^'aipt.' rendered alkaline with strong ammonia. 
After cooling, -lhe^ r s%parated solid was collected and crystallised 
several times from water: 

0*2055 gave 0*§120 C0 2 and 0*1648 H 2 0. C = 68*0; H = 8*91. 
0‘2022 „ M-8 cx. N 2 (moist) at 18° and 751 mm. N = 7*22. 
C n Hij0 2 N|j:equires C = 67*7; H — 8 72; N = 7*18 per cent. 

0*2335, ma9fe up to 25 c.c. with absolute J alcohol, at 18*5°, gave, 
in a 2-dcm. tube, a D + T33°, whence [a] D + 71*2 0 . 

The amide is readily soluble in hot water or benzene, very soluble 
in alcohol, acetone, chloroform, or ethyl , acetate, and sparingly so 
in cold water or light petroleum. ’ It crystallises from alcohol or 
water in small, flattened, white needles,- melting at 130°. 

It evolves ammonia when boiled with 10 per cent, aqueous 
sodium hydroxide, reduces permanganate solution immediately in 
the cold, and decolorises a solution of bromine in acetic acid in 
presence of sodium acetate. 

When heatedii’pn the water-bath with concentrated hydrochloric 
acid, the |inide was converted into an acidic substance, which, on 
dilution, wasfprecipitated as an oil; this was collected, and finally 
obtained as a solid, which was recrystallised several times from 
ethyl achate. It melted at 141 — 142°, and when mixed with 
/Idihydrocasyoneearboxylib acid its melting point was unaltered. 
The amide was therefore in all probability an isomeride of the 
dihydrOcjj0bJiecarboxylic amide previously described (Trans., 1906, 
89, 958)^' 

r Oxidation of Gyanocarone. 

An aqueous solution of potassium permanganate oxidises cyano- 
carone fairly rapidly when heated with it on the water-bath. A 
solution of 140 grams of potassium permanganate in 3500 c.c. of 
water was added gradually to a mixture of 20 grams of cyano- 
caroue and 200 c.c. of water. The liquid was filtered from the 

VOL, XCV1I. C 
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precipitated manganese dioxide, evaporated to small bulk, saturated 
with salt, and extracted with ether twice to remove any unchanged 
cyanocarone or other neutral material. The liquid was then 
acidified with hydrochloric acid, and extracted twelve times with 
ether. The extracted material was freed from volatile material in 
the usual manner, and was finally obtained as a dark semi-solid 
mass. This was purified by triturating it with chloroform, and 
crystallising from a relatively small quantity of chloroform, using 
a Soxhlet extractor, as it is sparingly soluble in this solvent. After 
a subsequent crystallisation from water, it was dried at 100° : 

0*2065 gave 0*4012 CO* and 0*1168 HoO. C = 52*98 ; H-6 28. 

C 7 H 10 O 4 requires C =53*16; H = 6‘33 per cent. 

0T075 required 13*5 cc. of iT/lO-spdium hydroxide at -5° for 
neutralisation, using plienolphthalein as indicator, Hvhence the 
equivalent =79’ 6. A dibasic acid, C 7 H 10 O 4 , requires equivalent = 79. 

The acid crystallised from water in small, white masses, melting 
at 173 — 174°. The anhydride, prepared from the acid by means 
of acetyl chloride, was crystallised from light petroleum, and was 
found to melt at 55°. 

The properties of the acid prove it to be identical with the eis- 
caronic acid prepared by Baeyer and Ipatieff from carone {Ber.j 
1896, 29, 2796), and synthesised by Perkin and Thorpe (Trans,, 
1899, 75 , 48). 

The first experiment on the oxidation of cyanocarone was carried 
out with an aqueous solution of potassium permanganate containing 
rather more sulphuric acid than that required to combine with the 
potassium hydroxide which is formed during the oxidation. In 
this instance, an acid similar in solubility to caronic acid was 
isolated, which melted, however, at 204°. On titration with 
, sodium hydroxide solution, O’ 104 required 615 c.c. of 0’1075iY- 
alkali for neutralisation, using plienolphthalein as indicator, 
whence equivalent = 157’3. On adding a further 7 c.c. of the alkali 
and heating for one hour on the water-bath, the excess of alkali 
required 0*9 c.c. f 01003i\ : -hydrochloric acid for neutralisation, 
whence the equivalent calculated from the total amount of alkali 
neutralised = 79. 

The data indicate that the substance is the lactone of a saturated 
hydroxydicarboxylic acid, and probably isomeric with terebic acid. 

Goldsmiths' College, New Cross. The University 

Manchester, 
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III . — The Influence of Water on the Availability of 
Hydrogen Chloride in Alcoholic Solution, 

By Aethue Laewoeth and James Riddick Partington. 

In recent communications by one of the authors, in part with 
K. Fitzgerald (Trans., 1908, 93, 2167 et seq.), evidence was adduced 
that during the esterification of a carboxylic acid or the hydrolysis.of an 
ester, as brought about by the catalytic influence of hydrogen chloride, 
the velocity of reaction was nearly proportional to the concentration 
of the alcohol and the water respectively, although superficially the 
velocity of hydrolysis in alcohol or acetone, with a definite concentra- 
tion of catalyst, appeared to be nearly independent of the concentra- 
tion of the water over a wide range. The latter effect was attributed 
to a change 'in the availability of the catalyst, and was shown to be 
connected with the observations of Goldschmidt on the retarding 
influence of water on the esterification of carboxylic acids in alcoholic 
solution under the influence of mineral acids. Some preliminary 
experiments were also described which indicated that the phenomena 
were, as suggested, due in the main to changes in the salt-formiDg 
power or availability of the acid acting as catalytic agent, and on 
measuring the availability of the acid by the use of a weakly basic 
indicator, it was found that this was greatly altered by small changes 
in the water-content to an extent which corresponded, in order of 
magnitude at least, with the simultaneous changes in the velocity of 
esterification. 

Pursuing this train of reasoning, it was demonstrated that the 
changes in the availability of the acid due to the introduction of water 
into its solution in alcohol, for example, could not be explained by aid 
of the view of salt-hydrolysis proposed by Arrhenius, hence, as the 
power which an acid has of forming complex ions with a weak base of 
the ammonia type must be proportional to the concentration of free 
hydrogen ions, other things being equal, it may be inferred that the 
water acts by diminishing the concentration of the free hydrogen ions 
if such are present. Consequently water appears to act by uniting 
with hydrogen ions, as does ammonia, to form complex hydrions. Also, 
since alcohol and water appear to play similar parts, combination of 
hydrogen ions with alcohol is probable. With respect to the concep- 
tion that hydrogen ions unite with water or alcohol, no novelty was 
claimed, the possibility, even the probability, having been realised by 
many chemists since the date when the ionic- dissociation hypothesis 
was first proposed, and especially since the recent development of the 
Dxomum theory. 
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Goldschmidt and Udby ( Zeitsch . physikal . Chem., 1907, 60, 728) 
had previously used the conception in discussing (he kinetics of 
accelerated esterification, although theirs was an ad hoc application of 
the hypothesis, no attempt having been made by these authors to 
associate experimentally the anti-catalytic effect of water in esterifica- 
tion processes with alterations in the availability, or salt-forming 
power, of the acid, and even in applying the conception" to the case of 
a very weak base present in small quantity in an alcoholic solution of 
hydrogen chloride ( loc . cit p. 731) they picture the hydrated hydrions 
produced on addition of water as being formed exclusively at the 
expense of the small amount of salt derived from the weak base 
(carboxylic acid), which is very far from being the case, as all the 
salts of weak bases present and the free hydrogen ions, if there, 
would be diminished in the same proportion. 

It is very important to realise that two quite distinct propositions 
are here involved. The first of these is, that the change in the 
catalytic activity of a mineral acid in organic solvents, on addition of 
water, is due to a change in the availability of the mineral acid, and 
is capable of experimental proof in the manner previously indicated by 
one of the present authors. The second one concerns the explanation 
which is to be given of this change in the availability of the mineral 
acid, and is at preseut almost wholly hypothetical in character. Fitz- 
gerald and Lapworbb, who approached the question from this point of 
view, were the first to advance the former as a definite proposition, 
and to indicate (he manner in which it might be experimentally estab- 
lished. Goldschmidt and Udby, on the other hand, had previously 
employed the hypothesis of combination of hydrogen ions with 
alcohol and water respectively, in explanation of the anti-catalytic 
effect of water on esterification in alcoholic solution j but as they did 
not fully realise that the determining factor was the change in the 
availability of the mineral acid (which naturally' depends almost 
wholly on the alcohol and the water, and only to an almost inappreciable 
extent on the small quantity of feebly basic carboxylic acid), they 
applied the hypothesis in an incorrect manner to the calculation of 
the concentration of complex hydrions formed by the carboxylic 
acid [loc. cit., p. 731), entirely overlooking the necessity of ’ taking 
into consideration the influence of the alcohol used as solvent. 

A suggestion made by Goldschmidt and Udby, previously misunder' 
stood by Lapworth, is of great importance in its bearing on the 
hypothesis of hydrogen ion hydration, and attention may again be 
drawn to it here. These authors attribute the abnormally large 
increase in the esterification velocity constant with increasing concen- 
tration of catalyst observed in alcohol containing water to the 
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removal of part 6f the free water by combination with part of the 
catalyst (loc. cit p. 733 — 735 and 751 et seg. ; compare also Proc., 
1909, 25* 19 ; Trans., 1908, 93, 2196 and 2197, where the mass of the 
free water was assumed nearly constant). This explanation (although, 
in the generalised form given by the^e authors, it disregards the 
well-known’ stimnlatihg effect, of anions on the catalytic action of 
strong acids) 5|probably correct so far as it applies to the abnormal 
case where tb^ concentration of the catalyst and the water are com 
parable, iand further investigation of this particular point would 
appear to be one of the most prot^ising modes of adducing direct 
evidence as to jKe correctness or otherwise ,’of the hypothesis of 
chemical Combination between hydrogen ions and solvent. 

The present pap^r contains an account of work done in the expecta- 
tion of finding that the determining factor in the influence of water 
on catalysis by mineral acids in alcoholic solution is the availability of 
the acid for salflformation. The “ availability ” of an acid maybe 
defined- as a function proportional to its capacity for forming complex 
hydrions with any mon-acid base, and at any moment the concentration 
of these complex ions is given by £ = L BP } where k is a constant for 
the base in the medium used, B the concentration of the free base, and 
> £ 

P the “availability ” of the acid, or At present it is only 

feasible to determine the relative values of k for different bases, hence 
P here has also only a relative magnitude.*. 

In order to avoid for the present all hypothesis as to the state of a 
mineral acid in alcoholic solution, an expression for the change in the 
availability of a mineral acid in absolute alcohol may be developed on 
the facts adduced by Goldschmidt and by Goldschmidt and TJdby, 

These authors found that the velocity of esterification in absolute 
alcoholic sollltidtt was proportional to the number of “ hydrogen ions," 
or with a iahonobasic mineral acid as catalyst, to the product of its 
concentration and the degree of dissociation. This, however, is also 
proportional to the concentration of complex hydrions which the acid 
would yield 1 with a definite concentration of a free mon-acid base, or, 
in othejrwOTjJs, their work affords the proof that in absolute alcohol 
the veloc^vof esterification is cetwis paribus proportional to the 
availability of the acid as above defined. 

Now Goldschmidt and Udby also find that with a given concentra- 
tion of mineral acid and carboxylic acid, the velocity of esterification is 

* The availability here corresponds with the function EfV%M(p developed in a 
previous paper {loc. tit., p. 2195), where R is the degree of dissociation of the acid ; 
F"=the volume which eontaius one gram-equivalent of acid, M and 0 corresponding 
with B and h respectively. 
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nearly proportional to where * is a constant which depends only 

on the alcohol, and to is the concentration of the water. *The con- 
tribution which Fitzgerald and Lapworth claim to have made here, is 
in pointing out that the form of the esterification curve in alcohol 
departs from the unimolecular type only to the extent that the 

condition of the catalyst alters, being merely a measure of the 

availability of the catalyst; in other words, the velocity of esterifica- 
tion is proportional to the availability of the catalyst, not only in 

absolute alcohol, but in moist alcohol too, and P = w k ere is 

the availability when w = 0. It may be noted that with any given 
state of the mixture of alcohol and water the availability is also 
proportional to the concentration of the catalyst, hence 

r + w 

where c-the concentration of the catalyst, p =* its availability when 
c = 1 and = and X=the degree of dissociation as measured by the 
electrical conductivity method in a medium having that particular 
composition. For the highly dilute solutions discussed in the following 
paragraphs, X is assumed constant. 

One of the present authors has already shown that this is the con- 
clusion which must be derived if the hypothesis of combination of the 
hydrogen ions with the alcohol, the water, and the carboxylic acid be 
adopted (Trans., 1908, 93, 2195), as the availability must be pro- 
portional to the concentration of the free hydrogen ions if these are 
present. 

In order to prove experimentally that this conclusion is the correct 
one, it is necessary to show that the salt-forming capacity of a very 

dilute mineral acid varies as r ^~ , where r is identical with that 

calculated from the results of esterification velocity determinations. 
For the purpose a very weakly basic indicator may be used, and the 
amount of salt formed with a given concentration of base estimated 
by colorimetric methods. In practice this is difficult to do, and a 
somewhat different mode of treatment must be employed, namely, to 
keep the amount of salt and base nearly constant by varying the 
concentration of the mineral acid and the water simultaneously. In 
this case the application of the law of mass action to the definition of 
availability gives £=k.B,P, which in terms of the authors' theory 

p.C.T 

is = JcB’ r + where £ = the concentration of t]ie complex hydrions. 
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When £ and B are constant, then P is also constant, consequently 

— is a constant, say K. 
r + w 

It is shown in the practical part of the paper that (1) in these 
c 

circumstances r + w 18 experimentally nearly constant for salt forma- 
tion ; and (2) with different indicators the value of r is identical 
with that obtained by observations on the velocity of esterification, 
within the limits of experimental error, which, it must be admitted, 
are at present considerable owing to the very small value of r, the 
measure of the basic affinity of absolute alcohol, and also because 
of the considerable influence of the merest traces of impurity on 
the availability of the highly dilute acid which it was necessary to 
use. 

The accurate measurement of the availability of acids in organic 
media is at present very difficult, owing to circumstances which have 
already been discussed, and the means which is the most generally 
applicable, as yet, is that based on determinations of the velocity 
of esterification, since the basic affinity of alcohols and carboxylic 
acids is small and less likely to disturb the availability of the highly 
dilute acid than when indicators, amides, or other definitely basic 
compounds are introduced; moreover, a carboxylic acid may be chosen 
to suit a solution of any desired degree of acidity. At the time of the 
publication of his first paper, aud that with E. Fitzgerald, one of 
us had in view the determination of the availability of acids in 
various media, simple and mixed, by the electrical method applied in 
the hydrogen electrode, which, apart from disturbing influences and 
boundary effects, should theoretically be capable of giving the ratio of 
the availabilities of an acid in solutions contained in two inter- 
communicating cells, entirely apart from the reality or otherwise 
of “ free hydrogen ions." Acree has recently drawn attention to the 
possibility of usiDg the principle of the hydrogen electrode in connexion 
with experiments on catalysis for the measurement of the'conceutration 
of free hydrogen ions ( Amer . Chem. J 1909, 41, 482). It would be 
most interesting to obtain confirmation by this means of the “ avail- 
hc 

ability formula," P = for hydrogen chloride in strong alcohol. 

The method should also be applicable to the determination of 
the relative strengths of bases, weaker than water, in alcoholic and other 
solutions. Such estimation might also be made by using esterification 
or tintometric processes, as was previously suggested (Trans., 1908, 93, 
2199), but in connexion with the preliminary numbers previously 
given, it is necessary to state that the method of determination 
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employed necessarily leads to quite discrepant values for the affinities 
of very weak bases, owing to a number of sources of error which were 
not realised at that time. It was assumed, for example, that most of 
the base added was in the free state, which is by no means the case 
when a base such as carbamide competes with alcohol for the acid ; 
moreover, the presence of traces of basic impurities in the material 
will affect the availability of even a relatively large Quantity of an 
acid when this happens to be one which is feebly ionised, as is, the case 
with trichloroacetic acid in benzene, and our experiments show clearly 
how difficult it is to be certain that basic impurities in important 
quantities are absent. ‘Wdth a fuller realisation of these and other 
points of difficulty it is proposed to undertake the study of affinity 
constants of some very weak bases in alcoholic solution, in the hope of 
devising trustworthy methods of measurement, 

The hydrogen electrode may also prove useful in investigating the 
changes in the availability of acids in acetone and in ether. In these 
which, as is well known, are poor ionising solvents for hydrogen 
chloride, acids behave in a remarkable manner towards the first traces 
of moisture. In pure dry acetone, the first small additions of water do 
not cause any marked Jail in the availability of dissolved hydrogen 
chloride, although with larger amounts the availability falls off much 
as it does in alcohol, as is indicated by the numbers given by 
Fitzgerald and Lapworth for ester hydrolysis and for "esterification in 
moist acetone. In dry ether, again, a very small quantity of water 
actually causes a decided increase in the availability. These points 
were first noted during experiments which Mr. Fitzgerald has been 
conducting on the velocity of esterification in initially dry acetone and 
ether ; here abnormalities were observed in the esterification curve 
with the former as solvent, while with the latter the curves showed a 
point of inflexion ; tintometric experiments confirmed the conclusion 
that this was a phenomenon dependent on the availability of the 
catalyst, and were of interest as adding some weight to the contention 
that the much discussed changes in the velocity of esterification are 
due to static causes not connected with the mechanism of reaction 
except in so far as the availability of the catalyst is concerned! 

Experiments on the application of the hydrogen electrode £o these 
questions are now in progress. 

Experimental. 

The alcohol employed in these determinations was prepared from 
five distinct specimens, A } B, C, D, and B. A was made from a sample 
of 96 per cent, spirit by heating it with lime for three days, and 
subsequently treating the resulting nearly dry alcohol with excess of 
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calcium. Samples J3 t C , D t and E were made from three different 
specimens of commercial absolute alcohol. In all cases the last traces 
of moisture were removed by heating the alcohol with a considerable 
excess of calcium turnings until a sample of the liquid on addition of 
water set to a jelly-like mass, indicating that calcium ethoxide 
was present, "and the dried liquid was then directly distilled, the 
vapour being passed through a trap containing glass wool, the first and 
last potions rejected, and r the middle fraction collected in a 
dried flask provided with a soda-lime tube to ensure the absence of 
moisture. The test applied for the presence of calcium ethoxide 
afforded full proof that the dlhydration kas as complete as the process 
was capable of effecting, and further treatment with calcium was 
obviously superfluous ; this conclusion was confirmed by the approxi- 
mate constancy of the low water value of the four specimens of alcohol 
obtained in this manner. 


Tintom&tric Experiments . 

Aminoazobenzene is an extremely sensitive indicator to hydrogen 
chloride in absolute alcohol, and was only suitable for concentrations 
of acid between N'j 10,000 and IP/100,000, so that errors due to traces 
of impurities were liable to be unreasonably large. Many other 
indicators were tried, but the only one having a very decided advan- 
tage over aminoazobenzene was an azo-derivative of diphenylamine, 
the sensitiveness of which was considerably less than that of amiho- 
azobenzene. Further investigation may lead to the discovery of still 
less basic indicators, more useful than these, for investigations in 
such solvents as absolute alcohol with higher concentrations of mineral 
acid. 

The principle of the method used throughout has already been 
discussed procedure was to run a definite volume of a solution 
of alcoholic hydrogen chloride into the absolute alcohol under investiga- 
tion, partly to discharge the colour by addition of a minute quantity 
of water, and then to restore the original tint by adding more of 
the alcoholic hydrogen chloride. 

The alcoholic hydrogen chloride and the water were measured from 
narrow, gtfkduated tubes discharging the liquid from a capillary exit ; 
these tubes had been carefully calibrated, and the errors in reading 
the small volumes of liquid and those due to alterations in bulk of the 
original alcohol under investigation were usually within the limits of 
the experimental error due to other causes. The discrepancies at first 
were very marked, often leading to differences of 25 per cent, in the 
“water value’' for any specimen of absolute alcohol, and this was 
finally traced to the effect of the laboratory air with which the 
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solutions were unavoidably brought into contact during the operation 
of thoroughly mixing the added acid or water. When the solutions 
were stirred in the ordinary way with a bent glass rod, it was noticed, 
especially with the extremely dilute solution of hydrogen chloride 
employed and with arainoazobenzene as indicator, that very decided 
changes in the colour occurred in the tintometer, indicating a diminution 
in the acidity of the solutions. This was due mainly neither to carbon 
dioxide nor aqueous vapour, as pure dry carbon dioxide had no 
appreciable influence, and the laboratory air, after being passed 
through a tube of lime or soda-lime, still produced the same effect. 
If air dried over sulphuric acid was used* to stir the solution, however, 
the tint did not change, so that the effect was doubtless due to traces 
of ammonia or some other powerfully basic impurity in the atmosphere. 
Further, the solutions, if undisturbed or stirred by twisting a spiral 
glass rod in the solution, did not alter in tint appreciably during 
the time occupied in an experiment, so that the latter method was 
finally adopted when using the tubes of a colorimeter to contain the 
specimens of alcohol. 

In all cases 50 c.c. of the specimen of absolute alcohol were used, 
but three distinct modes of measurement were employed, the tempera- 
ture of the alcohol in all cases being within two degrees of 25°, except 
when it is stated otherwise. 

(1) The alcohol containing the indicator was contained in a 50 c.c. 
flask, and alcoholic hydrogen chloride having the same concentration 
of indicator as the original alcohol was added until the tint was 
as nearly as possible identical with that in a standard specimen in 
a similar flask ; water was then introduced, and more alcoholic 
hydrogen chloride to restore as nearly as possible the original tint, 
this process being repeated several times, the added volume noted 
in each case, and the water value of the alcohol determined by a 
graphic method or by the method of least squares. 

(2) The alcohol with a trace of indicator was contained in one of the 
tubes of a colorimeter and tinted by alcoholic hydrogen chloride to 
nearly the same colour as that of the liquid in the standard tube 
of' the instrument, the exact depth of the standard liquid required to 
produce a balance being noted. After addition of a measured volume 
of water, more hydrogen chloride solution was added, and the tint 
balanced by varying the depth of the standard solution. More 
hydrogen chloride was then added, the tint again balanced, and so on 
until a reasonably large number of readings had been made ; in this 
case the depth of the standard solution was found experimentally 
to be proportional to the hydrogen chloride present when the amount 
of water was constant, so that the corrections were easily applied. 

(3) As in (2), but much more indicator was employed, and the tint 
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was viewed through a deep blue screen. The depth of the standard 
liquid was not proportional to the amount of hydrogen chloride in the 
alcohol, so that separate experiments had to be made to determine the 
correction formula. 

In cases (2} and (3) the water values were at first estimated by 
a modification of the method of least squares, but this was afterwards 
abandoned, as they could be obtained graphically Within the limits of 
experimental error. 

It will be unnecessary to go into detail in each case, but one or 
two typical instances of each kind may be given, with the object 
of indicating the mode of calculation, as well as to show that the 
T Jcc 

formula P = applies here. 

r + w 


Type I. 


Indicator : Aminoazobenzene. Hydrochloric acid = A/100 nearly. 
W — water present in c.c. 

}{ a volume of alcoholic hydrogen chloride added in c.c. 

A = total volume of alcohol. 

IT 

h A 0i or quantity of acid per 50 c.c. of alcohol. 


R = the water value, in grams, of 50 c.c. of the alcohol used. 



or the amount of water per 50 c.c. of alcohol. 


0 


h 

w+r. 


W. ' Jf. 

A. 

k. 

W. 

a 

0-00 1-00 

51*0 

1-00 

o-ooo 

10'3 

0’09 2 00 

52 0 

1-96 

0*086 

10'7 

0-18 . 2*83 

52 8 

2 73 

0’171 

10-2 

0-36 470 

54*7 

4 31 

0*329 

101 

0*72 8'40 

58-4 

7-34 

0 616 

10-3 

R = water value per 
whence r=» 10*8. 

50 c.c. 

of the alcohol 

at 25°: 

= 0*097 gram, 

' he 

For the applicability of the formula P= — — 
r J r + w 

of C should be constant. 

(see above), the value 


Type III. 


Indicator : ^-Tolueneazodiphenylamine, used with blue screen. 
Strength of alcoholic hydrogen chloride added was between A/5 and 
A/10. (In these cases no correction was needed for the relatively 
small volume of alcoholic hydrogen chloride added, which did not 
amount to more than 2 per cent, of the total volume of alcohol used.) 
IF=c,c, of water present (in 50 c.c. of alcohol). 
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H = volume of alcoholic hydrogen chloride in c.c. 

I —height of adjustable column of standard liquid in cm. 

A series of measurements showed that under the conditions and 


within the limits used, the product H x Q - 0*04^ was constant with 
absolute alcohol, or with alcohol containing any fixed concentration of 
water. Hence this product was equal to H 0 k Q^-0‘04^, w ^ ere is 

the volume of alcoholic hydrogen chloride, which would be necessary 
to produce any standard tint corresponding with the fixed height, l 0 . 

As j^--0‘04^ is constant, then for any two observations the 
relation between the amounts of acid H 0 and Hq required to produce 

x(I -<Mh) S.?v‘ 

; ot the product 


a standard tint was given by 




S x 


ffx Q - 0*04^ is proportional to the amount of hydrogen chloride 

required to produce any, definite standard tint with a fixed water- 
content. 

Two instances are given. The first to indicate the applicability of 
the foregoing correction formula, and the second to demonstrate that 
the formula H 0 — (r + ic) x a constant is applicable when the water 

h 

varies in amount, and, therefore, P= when the amount of 

r+w 

hydrogen chloride is constant (compare p, 23). 

Example I. 


0 - 04 )' 


w. 

l. 

B. 

H. 

HxB. 

C. 

0*0 

7-85" 

0-0876 

0*25 

0 0219 ] 

\ 2*38 

O'O 

8-40 

0-0790 

0*28 

0-0221-3* 

k 2*40 

00 

8-95 

0-0717 

0-30 

0*02151 j 

2-33 

0'074 

8-35 

0-0798 

0 50 

0 0399 ] 

1 2-40 

0-D74 

8*70 

0-0749 

C-53 

0*0397 

[• 2*39 

0-074 

8 95 

0-0717 

0-55 

0 0394 j 

1 : 2*37 

0'221 

8-10 

0*0835 

0*90 

0-07515 : 

2*40 

0-221 

8*55 

0 0770 

0-97 

0-0748 

2-39 

0-221 

8-85 

0-0730 

1*04 

0-0759 , 

P- 2-42 


The water value, R, of 50 c.c. of the alcohol used was — 0*092 gram 


^1-0*04^, and C t those 


The column headed B contains the values of 

, HxB 
of Jt+W 

The applicability of the correction formula H x (1 - 0*04^ is shown 
by the close agreement between the bracketed values of H x B. 
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The applicability of the availability formula P = k~ ^ is shown by 

r + ie 

the approximate constancy in the values of G throughout. 


Example II. 


w . 


; ; F. 

H . 

ExB. 

C . 

O'O 

.48-40 

0-0790 

0T65 

0-01304 

1*37 

0*0 

..-^.8*79 ' ; 

.0-0738 

o*i$ 

0-0133 

1-40 

0*0 

9-62 : f . 

0 0641 

0-20 

0-01282 

1-35 

0-0552 

; H-g.73 

0-0745 

0-29 

0-0216 

1-44 

0 0562 

9-03 

0-0707 

0-30 

0-0212 

1*41 

0-1935 

7*89 

■ 0-0867 

0-46 

0*0399 

1-38 

0-2655 

; - 7-55 

0-0925 

0'53 

0 0490 

1*36 

0-3519 

7-62 

0 0912 

068 

0 0620 

1*39 

0-4329. 

7-87 ■ 

0-0871 

0-85 

- 0*0740 

1*40 

0-486 

V -,8 k 47- ' 

0-0781 

1-01 

0*0789 

1*36 


i?, or water value, =0 095 gram for 50 c.c. of the absolute alcohol, 
whence r— 0’106 (or 1 litre of the absolute alcohol used was equivalent 
to 0T06 gram-molecules of water at 25°). 

f • Esterification Experiments* 

For the determination of the water value of the alcohol by the 
esterification process, purified phenylacetic acid dried in a vacuum 
over sulphuric acid was employed in all cases. The flasks employed 
were subjected to the action of a current of steam for a quarter 
of an hour, and then carefully dried before each experiment. 
The dry acid was only roughly measured, but the water in each case 
was weighed. From each sample of alcohol a solution of hydrogen 
chloride of about Nj 10 strength was prepared by passing the dried 
gas into a portion of- the specimen, care being taken to exclude 
moisture. alcoholic solutions before admixture were all first 

heated to the temperature of the thermostat, and the moment, when 
the reaction commenced was noted. One or two titrations 
were always made near the commencement of the reaction for the 
purpose of obtaiping the true initial titre by extrapolation, as this 
value was required for a knowledge of the exact amount of water 
present Albany stage. The titre of the hydrogen chloride present at 
the begimmng and end of each experiment was taken, using Nj 100- 
silver nr6rate, thus definitely ensuring constancy in the amount of 
catalyst. 

Two flasks were always examined simultaneously, one containing the 
initially dry alcohol, and the other, alcohol containing initially a 
weighed quantity of water. 

The intermediate values of the constants being the most trustworthy, 
the approximate water value of the alcohol is best gauged by comparing 
the intermediate values of the constants obtained for the two flasks. 
That is to say, the value of r was not ascertained by the reference to 
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the constancy of the value for any one experiment, but by comparing 
the numbers obtained in the two experiments. 

This method commends itself as the best, since the more trustworthy 
values for the velocity are of course those calculated from the time 
when the change has become steady to a point not far from half 
way towards the end. All the titres, y, are corrected for the 
hydrochloric acid present. • 

The bracketed values of the titre y for T = 0 were obtained by 
graphic extrapolation from the first few observations, for which no 
constant was calculated. R was calculated throughout from the formula 
corresponding with that used by Goldschmidt and TTdby as 

£ 

dt R+W+y 0 -y 


when the concentration of the catalyst is constant, 


whence 


kc = 


(fl+F+ y 0 )(\og e y } - log#) - ( y, - ?/) 


where /2 = the water equivalent of 10 c.c. of the alcohol used 
in A/10 c.c. 

W = the equivalent of the initially added water. 
y = the titre of 10 c.c. of the solution at the time T, 
y 6 = initial titre [bracketed value] of 10 c.c. of the solution 
calculated by extrapolation, 
s s the first titre actually made at the time T v 
The time is given in minutes, and the titres are c.c. of A/1 0-alkali 
required to neutralise the free phenylacetic acid present in 10 c.c. of 
the solution investigated. 

(r in all cases in this paper refers to the water equivalent in gtam- 
molecules of one litre of alcohol.) 


Esterification Results for Specimen A. 

Each flask had a capacity of 100 c.c. Amount of solution used for each 
titre = 10 c.c. Time in minutes. Titre given in c.c. of A/10-sodium 
hydroxide. Hydrochloric acid during reaction was 0 01 95 A, nearly. 

Flask I. — No water. 

£c, assuming 


T. 

y - 

7=0*15, 

O 

II 

k 

7=010. 

7=0*09. 

[0 

9-93] 

— 

— 




7 

9-50 

— 

— 

— 

— 

29 

8*32 









42 

7-63 

_ 

_ 



_ 

68 

6 '47 

10-74 

8*23 

7 '61 

6-95 

137 

4*44 

10*68 

8*36 

7'77 

717 

212 

3'09 

10*51 

8-31 

7*80 

7*24 

287 

2*18 

10*49 

8*38 

7*89 

7 '34 


Mean 

, 10 '61 

8*32 

7*77 

7*18 
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Flask IL— Water = 0*36 gram. 

kC) assuming 


r. 

y ■ 

r=0*15. 

r=0*ll. 

r = 0-10. 

*>=0-09. 

fo 

20*2] 

— 

— 

— 

— 

15 

19*50 . 

— 

— 

— 

— 

30 

18*81 

— 

— 

— 

— 

69 

17T0 

8-96 

7*87 

7*76 

- 7-50 

138 

14-52 

9‘16 

8-21 

7-96 

7*70 

216 

12-30 

9-08 

8T1 

7-91 

7-68 

446 

7-91 

8-86 

8 04 

7*82 

7*59 


Mean 

. 9-02 

8-06 

7*87 

7*62 


The value of r evidently lies between 010 and O il. 

A series of tintometric experiments for this specimen of absolute 
alcohol gave r=(i) 0*105, 0-101, 0105. 

(ii) 0-093, 0*101. 

(iii) 0-105, 0-101, 0-101, 0-095. 

Smes B . — Each flask had a capacity of 50 c.e. Amount of solution 
used for each titration =10 e.c. Time in minutes. Titre given in 
c.c. Af/lO-sodium hydroxide. Hydrochloric acid during reaction was 
O'OHOA 7 , nearly. 


Flask T. — With no water. 

kc, assuming 


r. 

V- 

^=0-15. 

r=011. 

r=0-10. 

s 

r=0-09. 

[<> 

11-43] 


— 

— 

— 

12 

10-80 

— 

— 

— 



98 

7*52 

7 32 

5-63 

5-21 

4-77 

220 

5 02 

6-95 

5-48 

511 

4*73 

303 

3-75 

7-17 

5-73 

5-36 

5-00 


Mean 

7*15 

5-61 

5-23 

4-83 

Flask 1 1.1 

-With 0-18 

gram of water. 






kc, assuming 


T. 

V‘ 

r=0’15. 

.r=0'll. 

r— 0-10. 

r-0-09? 

[0 

10 50] 

— 

— • 

— 

— 

10 

10*30 

— 

— 

— 

— 

95 

8-88 

6-28 

5-57 

5-40 

5-23 

205 

7‘30 

6-49 

5-77 

5-61 

5-43 

300 

6-26 

6-41 

5*74 

5-56 

5-39 


Mean......... 

6-39 

5*69 

5-52 

5-35 

The value of r evidently lies just above O il. 



Tintometric measurements gave r 

f (ii) 0 098, 0-106, 0 108. 

\(iii) 0-108, 0-098, 0-100. 

Series C.— 

-Each flask had a capacity of 50 c.c. Amount of solution 

used for titration =10 c.c. Time iD minutes. 

Titre 

given in c.c. of 
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Byto * I,C# 

001 82 iV. 

Flask X.— “No water. 


T. 

to 

11 

27 

96 

186 


Flask II. 


T. 

[0 

22 

67 

260 

487 


y- 

9 59 ] 
8*83 
7 * 93 , 
5 36 
3*48 



10'81 

10*34 

10-00 


Mean -> 10 ‘ 88 

-Water- 01430 gram, 


8'22 

7*98 

7-90 

-S 8-03 


•%^ 0 *l^'fc^ =0 * 09 * 

[ 6*84 



y. 


-gr= 0 "ll- 

r = 0 ‘ 10 . 

1270 ] 

— 


— 

11-73 

10-35 

6-43 

3-85 

9-04 

8*80 

8-76 

7-93 

7-79 

7*77 

7*64 

7-54 

7-50 

w.'i 

, 8*87 

7-83 

7*56 



Prom above, r is evidently between 0 0 . 095 _ 

Xintometric experiments *—'{<*) ««• ^ of 

ftries - 0 -- E “ h 1 ^ 6k c ba ^ e Tmbutes. Titres of 

solution titrated=10 c.c. ^ acid duling reaction was 

tf/l 0-sodium hydroxide. Hy 
0-0278 N, nearly. 

Bast I -No water. Bask II.-Water=0 
Flask III.— Water =0'20 gram. 

k ft r\\ i' T ■. V.'.’ (/=0T0)- 

*»• «i-i 

21 ; iW 8 & - ■ 

vttiNggL^ 

« 9 8tt— 0*987 
13f $***& 1*001 
227 Wf 1W 


fcc /| 

y, t/. (y— 0 * 10 ). 

[0 ‘ 13-33] ~ 

14 12'05 — 

42 971 

66 8*19 0-987 - -- 

126 5*65 1*006 131 

221 3*48 0’985 | 225 


[0 13 - 33 ] 
18 12-30 


44 10 '69 
71 9'16 


0-986 
0 992 
4*50 1*001 


Tintometric experiments gave r=0-09 and-O-U by W- 
Series *-Each flask had a capacity of rf 

solution titrated = 10 c.c. Time in minute . i et e £ m was 

jV/10-sodium hydroxide. Hydrochloric acid g 

0’020 IN', nearly. 
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W ffor absolute 

HO for very low concentrate! f by h g dr03h j 0 riq AS^to isolate 

this temperature, t > e ^avai J of w * ter 

alcohol is lowered SO per ceitt. y 

per litre of alcohol. . .& - so i,yP& of*Wa to water 

(.■) - w >"* i-mmr *»* 

or alcohol, an assumption ior nnmooaition 0 { tla@&iixture oE 

evidence, then for C ^Xduded that the ‘»ese 

water and alcohol it may » 
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and Udbyandthat of ^J^KUlyst is 
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the change in the a 7 they forme d _an incorrect con- 

^O^f thc lTner in which water would affect the equilibrium 
between a dissolved weak base and its salt. 
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IV —Organic Derivative s of Antimony. ‘ Part J 

' Tricamphmyktibinj^Shloride and Triphnylstihne 

Hydroxynitrate ^Btt^xysiMpte. 

By Gilbert T. Mokc^B^Mm M. G. ^cIlethwait, and 

George STA^fpc Whitby, B. Sc., *A^.QiSw^^ ; 

A comparative study of the interactions, taking place between 
sodium camphor and the trichlorides of phosphorus, arsenic, and 
antimony has shown that in the case of the.arsenic compound the 
principal products are dicamphorylarsmic and tricamphon 1 
arsinic acids (Trans., 1908, 23, 2144; 1909, 95,^1473). The 
experiments with phosphorus trichloride are still in progress ; the 
present communication deals with the case of antimony trichloride. 
The interaction of sodium camphor and antimony trichloride in 
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dry toluene does not lead to the production of any substances 
soluble in aqueous alkali * hydroxides or carbonates. The only 
product defi uitejy^ isolated and identified is tricamphorylstibine 
chloride, p5Li This substance undergoes deitructive 

hydrolysis the resulting tricamphorylstibine oxide, 

(CinH 15 0 yw^fs more ? or less contaminated with hydrated 
antimoni^to^-SSBi^nfrom the decomposition of the chloride into 
liy drochlQo^^^ 'a^Sonid Acids and camphoS,- \ , ; 

As ohpfbbjeetpf ^hiitfpesearch was fcpphtain an ^organic derivative 
of antimon^aufficieitly stabler, and ioltile for employment as a 
therapeutj^agentv attention was now directed to triphenylstibine 
chloridejl(Cjp 8 ) 3 SbCl 2 , obtained by Michaelis and Reese by the 
inter actipa^qi, chloroben zene , antimony trichloride, gmd sodium 
(A nnaleh } XB^\2^ } 43). \ ■$*' 

As these rihv&tifators have stated that this aromatic antimony 
derivative; ^ ; pp8SSss^d of considerable stability, attempts were made 
to convertrjbhis a&batahce into compounds dissolving more readily 
in aqueous^ solutions. 

When treatqj^with ? alcoholic silver nitrate, triphenylkibine 
chloride chlorine quantitatively in accordance with the 

following ^ equation . 

('C ( ft> 3 SbCl 2 + 2AgNO s =2AgCl+ (C 6 H 5 ) 3 8b(NO s ) 2 . 

The triphenylstibine nitrate is not stable under these conditions, 
and undergoes partial hydrolysis into a definitely crystalline sub- 
stance, triphenylstibine hydrobynitratc, (C 6 H 6 ) 3 Sb(OH)*N0 3 , which 
may be reorystallised .from hot water without further hydrolysis. 
In connexion ‘with the formation of this substance, it is of interest 
to note that Mrchaplis and Reese describe a triphenylstibine mi trate, 
prepared hy.. dissolving triphenylstibine in hot fuming nitric acid 
(Joe. eit.y p.- 52) t which is stated to be insoluble in water, but 
crystal Usable from alcohol. 0'. % 

The substitution of a silver sulpbatenfor silver nitrate in the 
foregoing reaction loads tb the production of the corresponding tri- 
yhenylstibine hydrovysulphate, (C 6 H 6 ) 3 Sb(0H)-S0 4 *Sb(0H)(C c H 5 ) 3 , 
which isl|§| solqhje^ih water than the hydroxynitrate. 

^ Experimental. 

Tricamphorylstibine Ghloridc.— On adding a toluene solution of 
Antimony trichloride to sodium camphor suspended in the same 
tnedium, considerable heat was generated, and a bulky precipitate 
was produced. The mixture was warmed on the water-bath and 
eft for a few days, after which it was treated with water, when 
i white precipitate of antimony oxides separated. The toluene 

D 2 
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drained from this precipitate was distilled in steam, 


solution which A „ 

and the residue extracted with benzap|^ 
benzejp. extract, a substanc^' separate^ 
crystal^ this separation being promoted, 
petroleum^ After repeated cr y^ 1 ' 0,h ' 
product melted and decomposed. a£. 
heated it sometime^ remained ,uncjia 4 

0-1314 gave 'fam^CO, andD'OW 
0-1830 

0-2235 y O-059rSb^ : fe^U, 
0-2483 „ 0-1196 AgCl. ' Gr|llW 
CgoH^O^ClSb requires C=55J6^ 

j ? » ** ****** ci = i ^ 


^.concentrated 
t ‘icelike 
of light 

the 
i rapidly 


'$ 88 $ 


hp^tibiD^ chloride. ^diss^he^d, 
min water; . In acid solutidi 



whence 

Icohol, 
de, and 
Iposition. 

readily 
Camphor, 
ide with 


0' 3 120,^031,. 2^? c.c^chloroform, \aSL 

[a] D =36m " ? 

^ d .vwyvj. ;*;?.»-** whj.u. w» u.iuvnus jWj 

may be boiled with - 2A-hydrochloric acid 'wife; 

On &n®j^itjh -^sodium 
hydrolysed mt</antimonic and hydrocHorm..® 
Destructive ^hydrolysis ^occurred- 
aqueous sodiun^ feydrogen carbonate 
with dilfltc.'?dn^n(5nia led . to, the liberation of camp' 
decompQfflt^tax" took place when tiie 
alcoholic silver .nitrate. • ,• 

TriphmyUti&wc BydroxyititTate.— 0*621 
stibine chloride gave 0*41^ of* silver chloride, 
amount being 0*421 gram) on warming with^twb 

portions of^lver.snitrate ‘ ,v_ '* ^ 

■vi-? " 


concent|ation, fum^ed ' ; ^li#6r^tafi; : yjjfad 


I % W: ?■■■ v-javoia, wtuuu; 

numbers corresponding with 'the partia^&oh 
formed dinitrate. ; This hydrolysis was bro: ‘ 
point by dissolving the white crystals ' 
cooling, the hydroxynitrate separate^in>lnstsri 
softening at 220°, and melting 
When^arrying out the process on ^ 
excess pf silver retained in the^lutio# 
addition of sodium chloride. The presein™- emmmB 
mthe filtrate promoted the crystallisation § tHr Ky^feitrate 
the precipitation, under these conditions, being ' JggSf 

0-2691 gaveO-4932 CO, and 0-0942 H 2 0. C=5000; hI 



tphenyt 
dculated 
ilar pro- 
Itrate, on 
gave 
initiallv 


0*1461 Sb 2 S 3 . 


Sb= 27*72. 


*00; H**3’80. 
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experiments ol^ 


v -^Experiments on Substituted Am^ooxi 
■ ^ Acids. Pm rh&sgSB&Mt*. 


Acids. Pffi 

By Arthur Lapwortb and Elkan ^yfiECnp. ^ . 

_ e Thiele’s papers on thp^con jRgation of 
Since the *•» 

of un- 




paid to the question oi u»« 11 , f^ the maimor 'iivdSEch this 

the Relative disposition ^ese '^kes of 

311^5^1*^ theethyienic and Wg** « 
not arranged alternately. Snch a system ,UMy> “ 
abnormally small residual affinity, and a n r 

' physical behaviour are naturally associated «th tepryence 
of this structure. It would appear a pnon, not ™.p^ble that 
the system XiYIZ represents that with the greatest Tmfagj&u&j , 
it might therefore be anticipated that any abnormalities displayed 
by substances containing it would, for the most part, bo opposite in 
sense to those shown by compounds containing the conjugated 
system; the resulting reactivity of the complex is doubtless the 
reason why, so few allene derivatives have as yet been is^l^ed; and 
is the most obvious explanation of the circumstance. , ; Jdastability 
might be expected to demonstrate itself in isomeric change of the sub- 
stance at the moment of its formation into an acetylene^^vative, 
or into the isomeric compound with the bonds in the cblijugated 
position, where this is possible, or by the rapid absorption^ water 
or other available reagent. The great activity of the hetens 
R,C!C!0 is suggestive in connexion with this point. In order that 
an allene derivative should possess a comparatively high ^degree of 
stability, it seemed desirable that isomeric change by the migration 
of double' linkings should, as far as possible^ Ibe obviated, and, 
further, that the residual affinity of the complex should be made as 
low as possible by associating each of the ethylenic linkings with 
another centre of unsaturation, so as to introduce the effect of 
conjugation. Thus it was to be anticipated I that / the jjfcystern 
C)C*C!C*C would have a degree of permanence intermediate between 
that of a conjugated and a simple allene system. 

Some of the effects of conjugation are noticed when an aromatic 
nuclyys or a carbonyl group is directly attached to two doubly 
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linked atoms, and a quite definite, degree of stability might be 
anticipated in the case of an allene derivative. 


*>0:0:^, 



either* aromatic nuclei or Carbonyl 


these extensions of the 
conceptaQi^^f^hiel^-, would apply to such, a case, it was decided 
to attempt tbe. preparation of it substance pf this type. Such a 
substarwkpajssgsses an interest which is enhanced Jby the fact that 
its built on „0ne. of th e types shown^by^ran't Hoff 

to be^ggretiqidy^ capably of exhibiting pheuomenon of 

onanticfflqgrpbons isomerism associated witht|pptica|^acti v ity , in 
spite of^je cirQwmBfeance that no asymmetric: afcomMn ^strict 
sense is prqpent. The latter property, it may be pointed put, is not 
rcstric||^|^th® cAs^ in which the four gronps X, Y^^'and Z 
are reqjufcoi only the conation that'X is not 

ident^w|^tlfc^^and W'is not the same as Z. % ' ^ ; ~%r 
The^fi^ substance which the authors sought to prepare was 
ay-diph^Jb-yd-naphthylallene-a-carboxylic acid, ■ 

c [0 H 7 ’CPh:c:cPh‘CO 2 H, ^ * 

in which all of those conditions are realised. The method adopted 
was to proceed from the ester of 3-ben zoyl-a-phenylprop iconic acid, 
CHoBz^^TPh'COgEt. This was allowed to react with magnesium 
a naphthjJ^rpmide, and, under the conditions finally imposed, gave 
the lactone . ..&• • 

v,^;v : Q 0 H^cph*c%cHPh 

'Si’ ’ ' ■ '* - 

In thggttext stage of the process, the laetone was heated with 
phosphorulvpentachlpnde on the water-bath, and ... the product 
poured into absolute alcohol in tjm’ Anticipation that the chloro- 
ester would thus be produced, but^iS'was noticed thafc during this 
treatment* much hydrogen chloride was evolved, indicating that 
either an. ungatujg^ compound was in proce^ of formation, or 
that replaeemen®j^iydrogen -by chlorine was taking place, but 
the product*, however, behaved as a saturated compound. The 
gummy eater, .yielded no crystalline material, even after boiling with 
tertiary bases with the object of removing the hydrogen chloride, 
but finally it was jdieBpvered that, by using rather more than two 
molecx&r proporGiwi8 of phosphorus pentachloride/ the product, 
treated as indicated above, .-rgave a moderately good yield of a 
crystalline ester, free from cldorine. ^ 

The new substance was for a long time thought to be the 
unsaturated ester, CjoHj’CPhlCH’CHPh'CC^Et, formed by the 
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removal of the elements of hydrogen chloride from the chloro-ester 


above depicted, but the . analyses' of th# pure 
its derivatives gave numbers for the hy&rogej ~ J " 
decide^ij’jjtoo low, and the analytical < 
molecm^contain two hydrogen atomple^ 
stances^^^tly derived from on^I 

as well as oxygen by 

respect to the &bon^groiip,'sht^^i^l ; 
l^asttwo mblecul&r proportions of this agchlL, 

In riew ,p f the c oh cor d ance^bf.Al I 'lhpljwiMJ 
spite of COTtainr;;abttortnal properties rdflHiii 
we have no herifltiim in affirming ou 
ester has ^ formula^tontaining tWp*Iiyurugeu‘ 9 . 
number slfcwn in 

being forn&d hy the removal of twopioIdcgi^S ' 
from a;idi<^orp^^f^or £ an v hfe^t * 

F or .a- ^ /rifee Ithe 1 Jlthwisr wen 

deal' ^henyldmaphtbylall _ 

Bynth^^o^ip^K^hey had concerned tftems&yi 
paper bj^Torlander and Siebfrfc (Ber., 1906/ 
their Mm lSn-^al hfter^ards directed, th^ 
complete.^ The conhnunication refe&ed 

,i_n * la ,. • • ' 


of tel raphdnylai lene, which is formed, instead ofi 
whenp^ipi^iptenylacetate is 

-n~a ; -:.i . - ....... •jLM.-S'- ii .-ZT W 0 " 

“1W 



formed in fc 


►ound and all 
rich were 
imfc-'the 
fstib- 


llline 
.the 
3 as 


®ed 


allene 

clear mtSS^'0> effeet 6f 'l^ 'iri)Si7 
^d / m. the;‘previou3 pages. T< 
of the uh^aturated;f.comphnnds;:^^.hhW--^ 
the present paper,^, stable ^ward 5 ,;BMtnai 
solutio^ihu^is slowly oxidised- by;chfwni<^ 
with yields an isomeri^hydrbcarbonL^isf 

structure.^ apparently , not present." Further 
carbon on brorcunation^elfe^a, monobjorn. 
isomeric hydrocarbon. 

Having regard to the characters and modeJeg ,..11 

the substances here described!^* 

Smbert, th^ost probable view 

* tj st,nictlire ' but ^ lM»te^M| 5 9 Liu o- 

. j dir6ct ^P^emenl, 0 f hydrogen by chlorine j 

is used. at a temperature at 100° ia o^rtainly unusual 
that aniaole was chlorinated by this agent at 30 S/ jf! 
and Titherleyard Hicks nnH^TuT ^ v'^ 70 {Ank i|§5 Jgg,. 311, 

by chlorine when it is bateftirlh phLXn^n pentacliloijde replaces hydrogen 
*t 60° (Trans., 1909, 95 , 91 ™ P^^henzometoxiuinc ft chloroform Bolntdon 



S' 




; 

, : ^ 
' r it; 

:>m,. 


ii|j,ir j „y -:W$ 

P-r« ... 

»W’ ***#■, 
.!&*«** - 


■m s 


mm 


jWrrotalline 


mm erianfcio 


as found .u 


ana^CMwortb 


ffi. After 


mmmm 


m&pm;c t bf^laci al acetic acid was warmed 
by means ISfc a test-tube 
fc<r a ’ coarse capillary which restwl on the 
, a Sdlutib^pf .potSaum cyanide (15 grams) in 
25 c;c:% water. -^The temperature wai$#£intained at 50 — 55° for 
a further fifteen rhinutes^when crystafii^l^the nitrile were added, 
and the vessel was then cooled by a stream of cold water. The 
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deposited solid, Which was obtained in nearly 
was purified by crystallisation from ' 

The following modified process was nse 
nitrile Ten grams of the finely powdered a 

^:ixtn?eof50gr|msofsnlj,bu« 

water, at the temperature of * 

whole waa’suhsequentlj allowed to reif 
hours. After cooling, the cake of impure 

separated, washed, an! purified 

preparation of the ethyl ester was effected^ 

Lid with Wf its V eight of aulphuncmdand.^tTO 

of alcohol for several hours, the l.qui^being U>en.,po 
large bulk of wafer, which was afterwards shaken^ttiS 
bulk of light petroleum, ffter filtration, th^tote 
rapidly, and the petroleum solution, after being wapej 
sodium carbonate .solution, dried, and evaporated, j 
ester in magnificent crystals. 

Vv’ ■; -. k^3._ 

DipheriyVy-l-na'phthylbuiyrolactoM. 

C 10 H,-CPh-CH s -CHPh 
A ('f\ 




the 


Magnesium a-qaphthyl bromide in ethereal solution s^frepared 
in the usual manner, and added to a solution conta^|pg one 
molecular . proportion of ethyl 0-benzoyl-a-phenylpropjpnate in 
about twenty times its weight of benzene. The solutip^|^8 not 
cooled during this process, as it was found that a muclt bew6r*yield 
of the desired ^product was thus obtained, owing probably to the 
fact that the solution, if cooled, deposited a viscid oil, ^ich.tended 
to carry down with it much o£*the unaltered ester. 'v ^jj^pajb o end 
of the operation the solution was freed from magnesiuffiTroiHpounds 
in the usual manner, and the ether and benzene were a^^wards 
removed by the. use of a current of steam. The residual' viscid 
mass was separated from the water and dissolved in ib^ji^etone, 
the crystals which separated on cooling being removed afcijie end 
of twenty-four hours, and recrystallised fresh frpm a lecture of 
acetone' and alcohol, and finally from glacial acetic acid:L;J ; 
0*4812 gave 1*5022 C0 2 and 0*2443 U&.1 g=85ai';®p 

requires 0=85*7^; H=5‘49 per L , 

The substance is insoluble in water, only very sparingly |$uble 
in boiling methyl and ethyl alcohols, ether, of lightvpetrSeum; 
it is fairly soluble in carbon disulphide, and readily* so in 
glacial acetic acid, acetone, chloroform, carbon tetrachloride, or 
benzene. It separates from acetone in colourless, transparent 
prisms, containing acetone of crystallisation, melting at about 



SUBSTITUTED ALLEN ECARBOXYLIC ACIDS. PART I. 


43 


90° (when rapidly heated) to a colourless liquid, from which the 
acetone rap^l^.|Yaporatei leaving a white, Crystalline solid, which, 
Aelt^lt 166° The substance, when obtained 
ttllb hot glaciaracetic acid, is free frqni acetone 

mb--, m *"■■ ■■■ jk : w& 

' \ .... 

r jn Boiling aqueous alkalis, but 

On evaporating the 



depots the 

as r ^wrhito^ l amo rph oub precipitate^ this fm*iy be 
Wm itf dissolves readily.i v^c^talline 

separat^ydien the ethereif lxtrab^ia allowed 
to ev^f$Fate,, but this, on ..ftooiinaticn, is foRnd jto^be identical 
with the , original lactone. Owing to the ease with which lactone 
formatijpjy^kes pl^ce, it is probably not possil?^ to-isolate the free 
acid Of , purity ^ the substance precipitated from the 

solut^^p^hefsodium salt "consists,- nevertheless, of The<< hydroxy- 
acid pf;'the lactone, for the freshly precipitated substance 

is readily,^luble in dilute aqueous sodium carbonate^and in ether, 



whereas Jibe lactone is insoluble in the former, and 




but slightly 


orus Pentackloride on ay-Dtphentfl-y-I-riaphthyL 
butyrolactone. 


On heating an equimolecular mixture of the laqtone and phos- r 
phorus pentachloride on the water-bath, the mass gradually melts 
to a brqW^ish-red liquid 1 , and a considerable quantity of hydrogen 
chloridf * is > evolved. Several experiments were made - with 
different preparations which had been recrystallised from various 
solvents and thoroughly dried, bmr in no case was 5 the evolution 
of hydrogen chloride affected; even on employing a ^colt^ solution 
of phospjprus peq^achloride in chloroform, a considerable evolution 
of hydrogen cbloy^de was observed. With the object of isolating 
the corresponding chloro-ester, a mixture of the lactone (10 grams) 
with gl^^orus pei^Mhlpride (8 grams) was heated in the water- 
bath until the evolution of hydrogen chloride had entirely ceased; 
the reaujiUpg liquijjb^as then poured into about 100 c.c. of absolute 
alcohdl^ajM heate^w boiling for ai^put one hour. The gjexfc day 
the alcoholic liquid was dilut|d with wa^ey, neutralised with sodium 
carbonate, and extracted with ether. ^ A yellowish-brown , resinous 
oil was then obtained, which, on cooling, set to a hard, transparent, 
glassy mass, All attempts to prepare a crystalline product from 
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this by treatment &th sol vents .were unsuccessful; it was therefore 
dried at 100° for about?* ten hours, arfd *** % 

0-1969 gave I&336 AgCL 

C^OjCl requires ei=8’|. 


The product ‘an; 
chlor^^!^ .substanpe i 
equal ^QOUnts.^ Thai 

presence of sodij^a^ 



ftd aujin^Uoiri 
nor,^ 


The i^t^e ehl^fetef readily los^)^ 
with pyridi&e^f quinine / ^^hreactfli^b^^^ 
more smoothly ^with fhe former, and 
boil the 4 tniftAfe, 'heating 
quitd ; Mfficient;^ ^ 

In fKo^f^st'feJcp^wthents’, '^n which the Cunum^ 
an equimdle6ulir?^&ixture of lactone and phospi 
was empldWf'fcariy fractionaFcrystallisatior * 
pure tt yjto fedj^BBtaL. was obtained, ■ and 
obfcainetkas 

p e n tachlon&Sbqtllcloiie in rth^prepara 
increase^ ^nd^t-er^ number of exp! 
which^&^..subst^6s . were empIb^dS; int^ 
following ntethod^was h n ally-adopted . 
by h^tin^^llaotow..^!. mol) with .phgspj 
(2 mots.), and- the product of pubsequ^t|decuj 
alcoho^is ha^t^.^ith twelve iinjjs its weight, of , ^y: 
hours oi^thet. w ater-bath, and them to h oi I i n g^Cor^ ^ 

After cdolmg, hhe liquid; is mix$d with &boutymqe>j 
ether, and |xtraqfced with hydrochloric add yjirtil rt* 
eompletel^removed, . The ethereal- liquid ia 
tilled, and the ; residue crystallised from boiling • 

The yield amounts %> about oneFalf ofthelfeg 
employed. The substance was pdkfied by s^prystalEs&idi 
glacial acetic 'acid and alcohohs^%' 'i^^^^^^^^^ a ' I '’ i ''"'^ 
0-1964, gayp poOO H 2 0 and 0*6191^^i^85^i 
requires C= 85*7%^$$^ ‘ ' 

>? Os* 88*15; l®8 ; 64^r y ^ 

The substance is readily soluble"m%ot alcohol/* 
separates almost completely ' on* ‘ ” " " 

colourless needles, which turn 


ffide 


(P°r* 

torus 


|tone 

km 
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The pure acid can also be readily obtained by crystallising the 
ether-containing acid from boiling in 

this manner was titrated : ^ ^ ..... 

0'4830 required 13*4 c.c. iT /10-sodium hy||rox^ 

36 °' -, 6 H 18 0 2 requires Equi|al®|g| 

The^aiad is slightly 'soluble in boiling etfiei^ 
in cold ether. The ether-containing crystals 

heated rapidly, 4 , the ether ‘ 

solidifying; on further heating, the substance^ ^ 
about 180°, and melts indefinitely at 185—193°. J 
soluble in. acetone or glacial acetic', acid, an^ f^r)^ 
benzene, chloroform, . or alcohol. It is insoluble in ^^fiHggbut 
dissolves in dilute aqueous alkalis. On adding sodium .^droxide 
to a solution of the sodium salt, a white, gelatinous }5re :rJaw .. _ _ 
separates even from very dilute solutions. The acid deoolon^s a 
solution of bromine in glacial acetic acid, and an aqueouj? ^Ktion 
of the sodium salt reacts at once with gold potassium perjjan^^^te. 


Attempts to Resolve the Acid. 

A number of attempts were made to prepare cryst&lline^salts 
of the acid, with the following activ e bases : quinine, rstrychnine, 
brucine, narcotine, cinchonine, cocaine, coniine, amjnoe&mphor, 
nicotine, and menthvlamine. Mixtures of acid and base int suitable 
organic solvents, such as ether, alcohol, acetone, and chloroform, 
under varying conditions, in no case gave any crystalline salts. 
In many instances crystals were deposited, but these were invariably 
found to consist either of the unchanged acid or base. Alii^^iempt 
was also made to resolve the acid by treating an aleoholig jptation 
with one-half an equivalent of sodium ethoxide and one-h^f an 
equivalent of coniine, and fractionally precipitating .theaCdiiiine 
salt by successive additions of water. The acids isolated from. the 
various fractions were all found to be inactive. 

An attempt was also made to prepare the menthyh by 
heating the acid with menthol, and also the coniidc^eby cheating 
the ester with coniine, but, although, interaction occurred, no trace 
of any crystalline material could be isolated from the neutral 
gummy products. 


Formation of the^ Umaturatcd Bromblactone, 

An acetic acid solution of the ester rapidly absorbs bromine, 
even in the presence ^ sodium acetate. Titration of the ester with 
a standardised solution of bromine in glacial acetic acid, employing 



SUBSTITUTED A LLENEC A RBOXYLIC ACIDS. PART I. 


47 



potassium iodide as external indicator, proved that one molecule of 
,lSaLl - g bromine.' For th^F preparation of the 

Eion of the ester (2 grdms) in glacial 
s mixed sodium acetate (l :gr$m),^^nd 
, solution oX bromine in glacial atfetic^acid 
wafel was added/' the 
ag^a/white, v crystalline p|&ajjitate. 
I dried, theif^twice crystalled' from 
L with alcohol*' ad<l s -tfried ^Cj&O 0 : 

PX£ ##1159 fi 2 0^ q.tf70^®?3 : 80. 
IWAgBr. ¥r==17-92:- 

D^Br . (unsaturated hromolactone) requires '..Cj= 70*75 ; 
H.=3-85; Br=48'H>r C(? t> . V 

TM_suh|||pce^fairly soluble in boiling glacial acetic acid ; from 
whiclpSpe^-aife on 1 cooling in slender, colourless needles, which 
melt^iy^tihg at~ 192°. It is only very sparingly soluble in 
alcohol, . ether, or benzene, almost insoluble in light petroleum, hut 
fairly rje^lUy soluble in boiling acetone or chloroform. It does not 
decolorise absolution of bromine in glacial acetic acid or ?< a solution 
of potassium permanganate in acetone. , 

A c tio^^^^inered Acids on the Unsaturated Carboxylic ^cid. 

On, heating, ablution of diphenylnaphthylallenecarboxylic acid 
in glaciaf apetic acid, to which a few drops of concentrated hydro- 
chloric acid have been added, a white, crystalline powder separates. 
The m^jjj ofe was heated on the water-bath until no- fjjfei er 
separat^^ioL place (about one hour), the crystalline precipitate 
was then/coljected, and crystallised 1 from boiling glacial, ace.tic acid : 

0*23§|gave 0'7474 CO g and 0*10^4 H 2 0. C=85*83| H^5I1. 

■%C 26 H 1 g0 2 requires 0=861% ; H = 4*97 per. cent 

The^suhstance is readily soluble in acetone, glacial acetic acid, 
b enzefife, chloroform, or ethyl acetate, sparingly so in boiling 
alcohol, but almost insoluble in the cold. ' IfL does not decolorise 
an acetkmepolntion of potassium permanganate even on boiling. 
It dMs 4 not disSolve appreciably in boiling aqueous sodium car- 
bonate otsodium hydtOxide, and is only very slowly attacked by 
boiling* ethyl-v or aftjyl-alcoholic sodium^ hydroxide. It is reduced 
on adding . sodium t*r .sodifoin amalgamate the hot amyi-alcoholic 
solution.%In both cases, ^however, "i^^at tempts to isolate a 

% gdfiC . i% 

* tVH^OjBr (b*oroo*ester) requires 6 = 71*34 ; H=4‘S8. Br 


C 36 H i3 0 2 Br (bromo-kctone) 


16 '98. 

C= 70-41 ; H = 4'3‘2. Bi‘«18'G5. 



« W mum « g — 

m •zr'sstZESTT* 

and no indication could be obtained^ 
saturated lactqpe or of the hydrpxy-acd cp| 

Som'of the expense 

Government grant from the W Swggr.S 
desireWSxpress the»' thanfa^ , 


ire J# express «««■— 

dfeuiSMlTHB’ CoLL^NEW CROSS, 


jBt&tW.-'r' :'S- •• 

By GiLBERy Ty MQEaAN; and Joseph A. PiCJ 

CERTAl^;derivatives of p-phenylenedmmine giv^i 
salts, from. which diazoimines or ‘diazoimides'J-"' 
internal ’bohdeiisation. The earliest known ^ 

explosive^^hyhptdiazoiminobenzene, C fl Hy N 

by 1888, 243 , -282), 

Hant|gih (Ber.j\ 1 902, 35, 895). In ^04, 
with WlJ. G. Micklethwait, obtained the 

camphor^-sulphonyl-ypbenylenediaxnine (TranS _ 

and. subsequently showed that ben zen esulphonyFp-pl 
and f its Eotnoiogues readily yield aiylsulphotiyliJ 
imides ’(Trans,, 1905, 87, 92!,13(% 

Althougb these diazoimides ai;e moderately stbl 
comparative experiments proved that they 'and ^ T . 
diazoimine , are members of the same class bf^dia 
This relationship was demonstrated by the^tfepar^ 
necting series of mono-, di-,. and tri-nitrophehy 
imines, t^e stability of which increases as. fiitri 
duced successively into the molecule : of - 
■ (Trans., 1908, 93, 605)., ’ : 1 4. iHh 

These p-diazoimines and p-diazoimides ar$. dis 
o -diazoimines and o-diazoimides by their . inte] 
either yellow 1 or orange, ^nd by their*- ver^ 

When treated with cold * concentrated^* mfeerl 
generate the corresponding diaaonium. salts, and^/witli 


aromatic amines they couple additively to form azo-derivatives. 
On account of these properties, gome of the more readily prepared 
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pf azo-coloi 
These 
forming, 
p-phen; 
by the. 
pequiredflj 


members of the, group can be turned to account in the production 


gri s^^Soc. Dyers, 1909, 25, 107). 
nd|r plausible. the view that the property of 
po^ompoundsf' is possessed by all derivatives of 
£ha{nV h^ing the formula RNE , C 6 H 4 *NH 2 , and even 
jgteelf t l;bftf nipre experimental* evidence wpuld be 
i |t dSuld b^definitdy stated that the reaction is 
i pcrfecUy general one. . * v 

By,, tbijfexjferiinents desc*ibed;\in the present communication we 
have enJg.vourea'* to show that, in all probability the reaction 
is genenjffoh all organic sulphonyl derivatives 61 p-gheuylene- 
diamine^ n> This demonstration may be* conveniently divided into 

three 

i-r .. 

:*v '■ _ 

l.^Para-diazoimides Containing A rylpoly sulphonyl Groups. 

The ^conversion of benzene-1 : 3-disulphonylbis-p-pbenylenedi- 
aminc^QtO fthe corresponding bis-diazoimide has already been 
accomplished (Trans., 1905, 87, 1309), and, in the present instance, 
the case of benzene- 1: 3: b-trisidpkonylter-p-phenylcfiediaip-ine (I) 
has bOen examined as a typical example of an amide derived from 
a complex polysulphonic acid. , ^ j. . y _ . 

Apart from "certain practical difficulties encountered in the 
preparation of the triamine, it was found that the conversion of 
this base mitfj^benzene-l : 3 : h-fmulphonylter-p-phenylenediazoimide 
(II) is a 'Comparatively simple matter: A . 


NIL 



NH 0 


■No 


J i% A 

NB^SCU J-S0 2 ‘h 
: / " (I.) 


SO, 1 


y 

N-SO, 


, u 

r^-WVN- 1 

(ID 


This result Justifies the conclusion that the production of the 
iiazoimide il v independent of the numbed of sulphonyl groups 
)resent in the molecule of the aromatic aminosulphonamide. 


II -^-Para-diazoimides Containing Mi$*d A ryUalhyl sulphonyl 
* Grozips. 


;«v 

■m- 


Former experiments on the constitution of diazoimides led to 
:he interesting observation that u-benzenesulphonyl-o-benzylene- 
VOL. XCVII. E 



^ ‘ W » W ‘ 
1906, 89 , 1162): 


SO 


KH. 

/\cH s -NH-S0 2 Ph 



- 

\V*£fk 

but , aa the 

orientation from £ {rotive 0 f:th#ge»h 

paration of this substa P? ■u rt « v i 

!^'S»S2SA«J 

the desired result, the following condens^on^M 
almost quantitatively: 


aH fi ‘CH 2 *S0 2 jCl'+ H*;NH*C 6 H 4 *N0 2 

6 6 ' ” iN(Cffly 


Toluene-u-sulphonyl yphenylenediamne (VI), 
luring the nitro-compound (V), when successively:.- 
reated with aqueous sodium acetate, frrihshej toluv 

) - i ph enylencdiazoimide (YII): If , ^ 

‘ dfeNH, \ A~$l 


_N-SO g ’OH^ 
(YII. 

t a mixed aromatic-alkyl grou 

fej. Vififlrhi. trpllmtt 



\/ 

^H‘S0 2 *CH 2 '0 6 H { 

. v- .. {VI } 

This lubstance, containin g a — _ - « 

he a typical ihdiazoimid#?it separates in bright yeUo^ 

_ ■ | ' r , II J.’ — nllnpi’^a uritKv 


|pehaves 
|#ngly 
§td con- 


ke a typical p-diazoumae; m 

, table needles, regenerates the diazonium chloridty 
jntra ted hydrochloric acid, and couples with phenols 
mines, yielding azo-derivatives. ^ 


III Para-diazoimides Containing AlkyUulphon#l Groups. 

The existence of camphor-j8-sulphonyl-p-phenylen^^ikioi-' 
-£ • . tii* 


(loc. ' cit .) shows that the presence of an aromatic ^ , 

to the sulphur atom is not an essential conditiou, for. the. formation 
of a diazoimide of this f type, and accordingly wepbdk steps to 
obtain diazoimino-derivatives containing the simplest alkyl- 
sulphonyl groups.. 
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■' v; - ’V'- J . . 

Methionic chloride condense readily with ^nitroaniline, yield- 
ing met h ane dm^h'dnylbis -p-nitroaniline, CH 2 (S0 2 *NH*C 6 H 4 *N0 2 ) 2 , 
faction, gives rise to methanedisvlphonfl b is- 
■ (Vin), an amphoteric substance, yielding both 
e $ji<| a dihydrochloride. The latter compound, 
, , bes a fairly stabl aihisdiazoniittin, chloride, 

pulion^of^lhich turns yellow on the addition of 
^clfa^ thus indicating th^ formation of a diazo- 



pwbver, 


Ipfionylbtt-p-phenylenediazoimide (I3p is, 

^when either the dry dipzonium ehlorj.de^is^'ddsted 
“tSd aqueous sodium acetate, or vjpmn crystals of this 


to: a strong solution of the diazonium con 


'/ Nnh, •** ■ £ 



This has the physical and chemical propertlfc? which 

chara&eYise the group, but is less stable thanithe. more^i^plex 
membersMTt is somewhat soluble in water, althbugh tfe ^luhility 
is consiS^bly diminished in the dried specimens.? 

The 5 - prciduction of the ' simplest possible alkylsulp^nyl- 


p-phenylehediaioimide has been accomplished' by the following 
series bt^^rati^hs : . Methanesulphonyl-p-nitroanilifte , pfoduc^by 
condensing 'pnethanesulphonyl chloride and p-nitroaniliue ^nSbe 
presence, ^^Rdethylamine, yields, on redaction’ metfujnemlp/imiyl- 
p -phenylfyqfyamine (X). The di azomuni chloride and shlphab 
this base.areL,>coiourless salts, which give yellow solutio 
diazoimraLom treatment with sodium acetate: 

% ... 

• r , / /\| 9 

I 

#mSH'S0 2 -ch 5 : - B 


N-S0 8 ‘CH s %^ 

'.) ' : ' 


Met hanejiuiphQnyl pph enylen ediazoinluLe (XI) iar* soluble in 
water, and^ * ^ 


[ M i t -rapidly decomposes into, a resinous producV jven 
in cold aqu^a s^lution^ it$ isolation inAhe solid state is a matter 
of consideirhhfed^Mculty. When siiyerjj^e is introduced into 
a solution of metbanesulphonyl-p-phenyl^edi^nine hydrochloride, 
Bilver chloride Is precipitated, agid the solution then contains only 
the diazoimide, which may be obtained by evaporating to dryness 

E 2 
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in a vacuum over phosphoric oxide. Unless thin evaporation is 
effected very rapidly, the product darkens and some io^of n.trogcn 
is apparent. When sodium nitrite is used in this experiment, the 
filtered solution contains molecular proportions of the dmounide 
and sodium chloride. The presence of this inorganic sal^ seems 
to increase the stability of the diazoimide, and the solutwg ..may 
be evaporated to dryness in a vacuum without loss of nitrogen. 

With the production of the two foregoing diazoimides, containing 
respectively methanesulphonyl and methanedisulphonyi poups, the 
task of demonstrating the general character of this chemical change 
is completed, and the reaction may he expressed in general terms 
in accordance with the following symbolical scheme, where R is 
any alkyl, aromatic, hydroaromatic, or mixed aromatic-alky^radicle, 
and x is its valency: 


r« 8<vnhQnh, t 


(lii&zo-Teaction) 


■"^S0 8 -NH<^)N 2 Clj 


(HCl) 


R“ S0 2 -n/ >, 


The conversion of the diazonium chloride into the p~diaaoiim.de is 
a reversible change, and it is of interest, in connexion with the 
modern theories of solution, to notice that the reaction probably 
occurs in three or more successive phases. The inverse change is 
brought about, not only by mineral acids ? but even by acetic acid 
when present in excess, and this result indicates that the first 
phase in the direct change is the formation of a diazonium acetate: 

R-SO 2 -NH-C 0 H 4 *N 2 Cl + CH 3 -CO 2 Na 

R*S0 2 *NH'C 6 H 4 *N 1 , 00 2 'CH a , 

which, in the absence of any considerable excess of free acetic acid, 
undergoes hydrolysis, the extent to which this second phase occurs 
being determined by the concentration of the acetic acid : 

R'S0 2 -nr-c 6 h 4 *n 2 ’C0 2 -ch 3 r: M 

R-SO/NH’C 6 H 4 -N 2 -OH + ch 8 -co 2 h. 

The hypothetical diazo-hydroxide thus produced is an amphoteric ' 
substance, having an acidic substituent, R*S0 2 *NH, and a basic 
group, N 2 »OH, each of which probably exists in solution in associa- 
tion with a certain characteristic number of water molecules. But 
as the sodium acetate solution invariably assumes the yellow colour 
of the p-diazoimide, one must suppose that a certain proportion of 
this substance is actually formed in solution by the internal con- 
densation of the hydrated diazo-hydroxide : 

R-S0.-RH'C t H t -il 2 ' 0 H “ R'SCyN'C.If.'Hj + (x+ j, + 1 )H,0, 

. arHgO yH 2 0 L_ f 

This mode of representing the final phase of the condensation is 
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probably true only when R is a complex group of comparatively 
high mojeaglar weight. In these cases, the precipitation of the 
j>-diazoimidB§i& immediate and practically complete, but when K is 
a simple ? alkyl group of low molecular weight, the ^diazoimide 
exhibits a tendency to remain in solution, probably in the hydrated 


form 

.Xw 




Methanesulphonyl-p-'phenylenediazoimide ' is obtained only on 
evaporating its Solution to dryness under greatly reduced pressure, 
and me$KanedisuIphonylbis-p-phenylenediazoimide in the moist con- 
dition dissolves fairly readily in cold water, and becomes much less 
soluble. only after desiccation over phosphoric oxide. 

Furti&r evidence for the existence of hydrated fprms of the 
diazoimides was obtained by F. M. G. Micklethwait, Hird, 

and one of us in the study of the arylsulphonylbenzidines. In 
these ^baseSj where the acid and basic substituents -are separated by 
two raromatic nuclei, the diazoimide separates with two' mplecular • 
proportions of water, and has the general formula: , t 


R-S0 2 -N-C 6 H 4 *C 6 H 4 *N 2 ,2H 2 0 •' v v 

• i i ***' 

(Trans., 1907, 91 , 1509; 1908, 93 , 615). 

The closely allied aromatic diazo-oxides exhibit the same 
phenomenon; the more complex members of the series separate in 
anhydrous forms, as, for example, dinitrophenylenediaso-oxide, 
O’CglLfNCUg’No, whereas Hantzsch and Davidson (2?er. f ^1896, 

i f 


29, 1530) found that the simplest member, p-pbenylenediazo-oxide, 
separates with four molecules of water, and can be represented 
by the>formula 0*C 6 H 4 *N 2 ,4;H 2 0. 

In connexion with the existence of hydrated forms of diazo- 
imines, .Attention should be directed to an interesting observation 
made tiy, the chemists of the Badische Anilin- und' Soda-Fabrik 
(D.R.-P. 205037). Acetyl-p-phenylenediamine was diazbtised in 
hydrochloric acid, and the acetyldiazonium chloride hydrolysed by 
gently heating the solution. The dissolved product was then found 
to couple with alkaline dmaphthol much less rapidly than the 
unhydrolyaed acetyFp-aminobenzenediazonium chloride. Although 
the product of hydrolysis was not isofated, it seems probable that 
it consists of a hydrated form of ^diazoiminobenzene, 
NH*C 6 H 4 ‘N 2 ,^H ? 0. 
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Experimental, 

l.~8enzene-l : 3 : 5-trmdphonylter-p-phenylen& 

A mixture of benzene-1 : 3 : 5-trisuIphonyl chlorjg 
p-mtroaniline^(3 mols.) was boiled in dry jg 
hourly the solvent then removed by evaporatio: 
after ^extraction with water, was boiled 
carbonate. The alkaline filtrate, when acidified _ 
chloric acid, yielded a yellowish-white precipitate, 
repeated crystallisation from methyl alcohol, separated ;;asl 
crystalline powder, and melted at 278°: ^ 

(h2202 gave 23*6 c.c, N 2 at 17° and 758*2 mm. ^ N — -t2' 5$$* |£i 
0*2100 „ 0*2X62 BaS0 4 . 8 = 14*15. - - v - : nmMU 

a 4 Hi 8 O 12 N 0 S ; requires N= 12*40; S= 14*19 pet o 
Benzene- 1 : 3: 5-ftisulphonyUer-p-nitroaniline, 

. _C g H 3 (S0 2 *NH-C 6 H 4 -N0 2 ) 3 , ’ # 
is a distinctly acidic substance, and on treatment ^ 
potash gives , a potassium derivative, separating:-: 
crystals. V i* - 1 .. 

When diluted with an equal volume of water, theTmeWji- 
alcoholic mother liquors of the preceding compound depositjd a 
brown oil, which gradually solidified to radiating clusters ,pf'®.ut ; 
yellow prisms. This product, when washed^with cold e£Kyl,a<ltate; 
and crystallised from alcohol, was obtained in odemriesv yellow 
crystal^ insoluble in water or dilute hydrochloric laid; but 
dissolving in cold aqueous sodium hydroxide to a yeUqwNfclution 

having a strong odour of pyridine : 

0*1288 gave. 12*8 c.c^*N 3 at 24° and 763 mm. 

requires N= 11*01 per cent.. ^ 

This result, .which agrees with the formula: 

C 6 H 3 (S0 2 *NH-C 6 H 4 -N0 2 VS0 3 n 5 C 5 H 5 K, 

shows that a certain amount of the chloride, 

C 8 H 3 (S0 2 *NH*C fl H 4 »N0 2 ) 2 *S0 2 Cl, J 

arises from the interaction of p-nitroaniline and benzeneT-J- 5-tri- 

sulphonyl chlonde, the subsequent action of 

of pyndine leading to the production of the above pWSnTsalt 

shfwedTwt" 6 made with tte other iitroanilmes 

#rtho * bMe «*» on ‘y * small 1 yield,«oC crystalline 
product with benzene-1: 3: 5-trisnlphqnyl chlorideii&Ma the 
meta-base reacted readily and, quantitatively iM&SRSLim 
to torm the following compound. 

Benzene- 1 : 3: 5-tristUphonyher-m-nilroanttine ~" ! 

C 6 H 3 (S0 2 -NH-C 5 H 4 -N0 2 ) s , 
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: * i. 

separated from pyjjidine by removing the latter with cold dilute 
i^pwas crystallised from 50 per cent, acetic acid, 
" in small, white needles, melting at 199°^ r 
k4 c.c. N 2 at 14° and 767 4 mm. N = 12’2£." 
)0 12 N ft S 3 requires N=l§*40 per cent. ' ; ff- 

ide g readily soluble in aqueous ^ alkali 
facial, acetic acid. -fa 

f&4mxdph0nylter-j^henijlcntdiamitye y 

ft# . C c H 3 (S0 2 -NH-C^-NH,)3, ^ 

by^adding ^ron Slingr (10 grams) to bljjftene- 
Sfcj'isulphonylter-^'nitroaniline suspended in 10,0 c.c. of warm 
fcdntaimng l c.c. of glacial acetic acid/ the mrsfure ^Ming 
hours^^ Excess ^of sodium bicarbon^.^j^,..a4ded, 
itufwfilteredj 'M^d the filtrate acidified withr^wpaoe acid, 
igjlmnime separated, the yield being&bout; $t|f cent, 
jllisedtfrom water or acetone, the$&iamin# serrated 
m cu^rl6Ss|nodules, and melted at 256°:. n V 
O'K^fl^gaveflS'S c.c. N 2 at 23° and 775 mm. N — 14r5ii; ^ 
requires N = 14*29 per cent^* 

The diisao^solutibn from 1 gram of base, 30 c.c. of 2xY-hydl6ciloric 
acid/ and 20 per cent, sodium nitrite solution was treated with 
aqueous s^ditim acetate until a slight permanent ^precipitate was 
formed/ From the filtered solution, excess .of sodruto" acetate 
deposited' 7 ffie diazoimide as a light yellow, microci^stalhbejpre- 
cipitate, whuSi was washed successively withhold wate^ #lcohol, 
and etber. ! f\ Hie product retained water very tenaciously/afcs weight 
becoming dohstant only after prolonged drying over sulphuric .acid 
or phosphoric oxide': / 

0-1923 f&6 0-3244 CO. and 0-0502 H 2 0. C=45-9ft; H=2-70. 

0 1988 34-8 c.c. N 2 "at 18° and 757-1 mm. N = 19-75:$> 

0-2235 BaS0 4 . 8=15-26. 
i 6 N 8 S s requires C= 46-37; H = 2'43; 

S = 15*46 per cent. , 

■from tho diazoimide gave a red cblbr&tion with 
alkalinefjpgnisphthol, showing that the precipitation of the con- 
den sation^tciduct wsja$not complete even in the presence of con- 
siderable^ 


sodfiifin acetate. 

64 risuiphonylter-^fheiiylenediazoimide^ * 



C 6 H 3 (S0 2 -N-G 6 : 


* 2 )s> . 

//: : "■■■S'-gte 1 I?* ‘ ^ 

which explo^e^ ^newhat violently^ .14^ is too insoluble to be 
crystallised from t&e ordinary Organic solvents ; it can be preserved 
lor an indefinite time in the dthrk, although on exposure to light 
it rapidly darkens and assumes a purple-brown colour. When 
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dissolved in cold hydrochloric acid, the diazoimide is converted 
into diazonium chloride, as may be shown by adding the diluted 
solution to alkaline /9-naphthol. - . -W* 

Benzene- 1 : 3: B^risulphonyUer-^-amimbenzeneaztP^utpHtholy 
C 6 H 3 (SO 2 -NH-C 6 H^N 2 *C 10 H fl -OH) 8l Jr . 
obtained either in the preceding reaction or by trituratmg ^.c^iazo. 
imide with /3-naphthol in the presence of pyridine, separatedlfrom 
alcohol as a dark red, crystalline powder, melting at 265—266° : 
01060 gave 10*4 c.c. N 2 at 21‘5° and 762 mm. N==U'3^J 
C^H^OjN^Sg requires N-£l*92 percent. 

This azo-j9-naphthol dissolves in concentrated sulphuric acid to 
a deep red solution; its alkali salts are sparingly soluble intwater 
containing alkali hydroxides, and are decomposed by dilute acetic 
acid.- . 


II. — Tolwne-u-sulphonyl-p-phenijlenediazoimidel 

It was not found possible to condense p-nitroamline and toluene- 
w -sulphonyl chloride in boiling toluene, and in warm pyridiniUhese 
substances interacted to form tarry products. The difficulty wai 
overcome by dissolving molecular proportions of jHiitroaniline, 
toluene-u-sulphonyl chloride, and triethylamine in toluenes, the 
liquids being first carefully dried over sodium. Rafter 
boiling for two to three hours, the condensation was com- 
plete, and the solvent was then removed by evaporation. 
The residue was extracted repeatedly with boiling aqueous 
sodium carbonate, and the solution filtered while hot. 
On cooling, the sparingly soluble orange sodium derivative, 
^nH 5 , CH 2 , S 0 2 *NNa*C ( }H 4 *N 0 2 , separated; this was decomposed at 
0° with dilute hydrochloric acid, when the toluenc-io-s u^phonyl 
p -nitroaniIine\ which first, appeared as a pasty, yellow mass, slowly 
solidified, and was crystallised from alcohol and water (1 : 4) : 

0*1452 gave 12'5 c.c, N 2 at 15° and 737 mm. N=9*82, r 

0*1075 *„ 0-0868 BaS0 4 . S = 11*09. 

W 4 N 2 S requires N = 9*60 and S = 10*96 per cent. 

After repeated crystallisation from dilute alcohol, the sulphoa- 
amide melts at 155°. 


^oluene-ta-iulphonyl-^-phenylenediamine, 

C 6 H 5 -CH,'S0 2 -NH-C 6 H 4 -NH 2> 

was produced in almost quantitative yield by reducing the pre- 
cedmg nitrocompound (4 grams) with iron filings (5 grams) in 
100 c.c. of 4 per cent, acetic acid. After boiling for thirty minutes, 

wh mixt “ r ®’n r6 ! de j ed altaline with sodium «"honate, was filtered, 
- why he filtrate deposited white crystals of the base, a further 
quantity bemg extracted from the residue with alcohol. After 
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crystallisation from this solvent, the base was obtained in acicular 
prisms, melting at 121 — 122.° : 

0*1 241 garni 1*8 c.c. N 2 at 16° and 753*5 mm. N- 11*20. 

|t t 18 H 14 0 2 N 2 S requires N = 10*69 per cent. 

This ' diamine was diazotised in 6 per cent, hydrochloric acid, 
and *tEe ^filtered solution treated with excess of aqueous sodium 
acetat&.^ - The liquid became yellow, and subsequently deposited 
lemon-yellow needles of the diazoimidc. These were washed suc- 
cessively with cold water, alcohol, and ether. The aqueous filtrate 
gave ofily a slight coloration with j3-naphthol, showing that the 
precipitation of diazoimide was complete. The product, a typical 
diazoimide, darkened at 136°, and decomposed violently at 141?; 
0*1463;gave 0*3061 C0 2 and 00567 H 2 0. C=67*05; H=4*3l. 
0*1136 ^15*9 c.c. N 2 at 18° and 735 mm. N = 15*63. 

0*1279 0*1056 BaS0 4 . S =-11*33. - ’-Sr'* 

C 1S H h 0 2 N 3 S requires C = 57*14; H = 4*03; N = 15*38; 
t ■ 8=11*73 per cent. 

Tdluene-ti-suiphonyl-^Tphenylenediazoimide, r 

; : c 6 h 5 -ch 2 -so^n-c 6 h 4 *n 2 , 

. I I 

like the arylsulphonyldiazoimides, is practically insoluble in the 
ordinary solvents, but dissolves in cold hydrochloric acid, re- 
generating the diazonium chloride. Although stable in the dark, 
it rapidly darkens on exposure to light, becoming orange- and finally 
dark brown. 1 . 

Toluene-<H'SuIphonyl^-amitiobenseneazo-$-naphthol } 

C 6 Hg*CH 2 , SO 2 'NH*C 8 H 4 *N 2 ’C 10 H # *OH, 

prepared either by triturating the diazoimide with j8-naphthol and 
pyridjpe^pr by adding the acid solution of the diazoimide to 
alkaline /3-naphthol, separated from alcohol as a bright red, 
crystalline powder, melting at 211°: 

0*21llj gave 19 c.c. N 2 at 12° and 763 mm. N = 10*68. 

C^HjANsS requires N = 1010 per cent. ^ * 

* ‘[With F. M. G. Micklethwait.] 

HI. — Mcthanedisulphonylbis-p-'phenylenediazoimide' 

When methionic chloride * (1 mol.) and p-nitroaniline (2 mols.) 
were mixed in dry toluene, a vigorous reaction took place, and 
the condensation was completed by wanning the mixture fo| a few 
minutes. After removing the toluene by evaporation, the residue 

r For the specimen of methionic chloride employed in the following experiments, 
we are indebted to the liberality of the Farbenfabriken vormals Friedrich Bayer 

k Co. 
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L^into 

Sited 


was extracted successively with boiling 
p-nitroaniline, and with aqueous sodium carEonaj 

the methanedisidphonylbis-p-nitroaniline, CH^(S0 2 *J 

The latter substance was then crystallised from a! 
separated in transparent, light yellow prisms, melfa 
posing at 248— <249°: - ^ 

0T607 gave 19*0 c.c. N 2 25° and 774 mm. 

0-1871 „ 0*2216 BaS0 4 . S = 16-27. 'iMm 

C 13 H 12 0 8 N 4 Ss requires N= 13*48; S =15*41 pl| 

Methane dh ulp honylbis-p-nit roan dine decomposes both 

insoluble carbonates; its sodium derivative is somewhafr^|firingIy 
soluble in cold water. ‘ 

M eAh/inedisulphonylbis-p-phenylenedia-mme, 
CH 2 (S0 2 -NH*C 6 H 4 *NH2) 2 , 

was prepared by reducing the preceding compound witfy^ 
and 4 per. cent, acetic acid. The reduction was completed ! 
hours^heating; and the mixture, rendered alkaline- wit] 
carbonate, was rapidly filtered. The base, which had pat 
the filtrate in the form of its sodium derivative, was w 

with dilute acetic acid, and crystallised from*' ethyl acetatef^when 
it separated in small, colourless needles, melting at 227°$ 

01505 gave 21*0 c.c. N 2 at 26° and 771 mm. N= 15*72. 

0-2036 „ 0*2691 BaS0 4 . 8 = 18*15. _ . J/" * 

S C 13 H ]6 0 4 N 4 S 2 requires N= 15*73; S=17*97 per , 

Methanedisulphonylbis-p-phenylenediamine is an amphoteh&lsub 
stance, exhibiting in a remarkable degree the dual properties of 
base and acid. As a base, it forms a dihydrochloride soK&le in 
water, and dissolving more sparingly in' alcohol. As aMfed, it 
decomposes calcium carbonate and other insoluble carho&el^&nd 
forms soluble sodium and even ammonium deriv&tivei*^^ ^ 
Methanedisulphonylb is-p-aminobenzenediaz onium chloride^ 

. ,. S ;Vi CH 2 (S0 2 -NH*C 6 H 4 -N 2 C1) 2 . .V , " 

—The foregoing base was suspended in alcohol, coWntra^IKdro- 
chloric acid added, and the resulting solution rapidJymltcrcd 
Amyl nitrite, was then added, when the diazonium chloride, Sipidly 
separated as a light grey, crystalline precipitete?itiso%tee in 
alcohol: 

0-1114 gave 17-6 c.c. N 2 at 22° and 769 mm. N=18'10 - 
■0-2090 „ frl276 Aga 0=1510. - j 

Wto requires N = 18-60; Cl=15-74:per.ltot. 

colmir^« P 7 P t are u t5le darfe > the diazonium chloride is almost 
, U W en exposed to liyaht , in contact with its mother 
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liquor, the salt frequently assumes a reddish-brown colour, and 
almost insoluble in water. 

bdingAiazonium sulphate was produced by diazo- 
P>ing diamine in dilute sulphuric acid, and, being 
^n the diazonium chloride, it was precipitated by 
^Aqueous solution. These salts, when dissolved in 
u acid reaction. »"■ 

fhonylb is-p-amino benze nediaz omwm nitrate , X 

M’ substance were obtained in unsuccessful attempts 
— y-^^^l^^isdiazoimide. The nitrate was formed by adding 
silver .nitrate to an aqueous solution of the foregoing. diazonium 
chlorid^ a^d ^concentrating the filtrate from the silver ch , *“ J - 

over . * 



solul 


A hydroxide under 5 mm. pressure. It. sepj^ra 
eddies, which, when dry, * were somewhat Iral 
d. water,' and decomposed violently at 156^OT 


17- 7 c.c. N 2 at 22° and 766 mm. 
0-1580 C0 2 and 0*0365 HoO. C=31>1 


■ Air* 

52-5.lL 


^ requires C= 30*95; H = 2'38; N=2#J| ppnt. 

Sefully purified portion of methanedisulp^nylbis- 
ylenediamine was dissolved in glacial acethfacid, and diazo- 
tith&ethyl nitrite. The filtered solution, when-gradually 
^cohol and ether, deposited a pale yellow^ unstable 
sublance/which, when rapidly' collected and dried, Analytical 
data COTresponding’ with the diazoamine: 


^° 2 -nh-c 6 h 4 ^ 2 

.*NTFnn tt .ki 



s 'S<VNH‘C 6 H 4 -NH' 

0*l|| ^ve 0*1722 00 2 lnd 0*0452 H 2 0. C=41'4l; 

°‘1324^ ;J> 22-0 c.c. N 2 at 17° and 772mm. N =*19-60.1 
c i3 n i3^5S2 T requires C=42’5Q; H=3 54; N = 19*07^ 

Anpther portion jof the base was dissolved in glaalal 
diazot^diypth ethiyl nitrite, and the solution evaporat^i^^dryness 
at the- ordinary temperature in a vacuum desiccator. - jHe residue, 
a substance resembling shellac, contained . : n^ combined 

acetic acid, and only 15*38 per cent, of nitrogen, showing that a 
portion |p^ v the diazo -nitrogen had been -eliminated during 
evapor^ljpi. Its composition approximated to thafrpf a diazo- 
oxid^ or azo-phenol^produced by internal condensation;! . ^ 

colourless aqueous solutions of the bisdiazonium salts, when 
treated with, excess of sodium acetate, assumed an intense yellow 
colour, indicating the formation ol tho^bjj^Uazoimide, but the sub 
stance was not precipitated, After many fruitless attempts to 
isolate the bisdiazoimide, .it was found possible to precipitate it 
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either by adding the solid bisdiazonium chloride to concentrated 
aqueous sodium acetate or by introducing crystals of^e latter 
salt into strong aqueous solutions of the bisdiazoni^chHTrtde, The 
latter procedure is preferable, because by the former t|I product 
passes through a viscid phase which is obviated hyilc second 
method of mixing. The bisdiazoimide separates as' an *' orange 
yellow, microcrystalline mass, which, when, once segregated, ij 
remarkably insoluble in cold water, and can accordingly b( 
thoroughly washed without serious loss, first with water/and the a 
successively with ether and light petroleum : £ 

0*1042 gave 0T576 C0 2 and 0*0368 H 2 0. C=41 26; H*— 3*87. 
0*1272 „ 0*1926 C0 2 „ 0*0414 H 2 0. C=41*29; H=3*61. 

0*1123“ „ 21*9 c.c. N 2 at 19*5° and 761 mm. N = 22*43. 

0*1712 „ 0*2138 BaS0 4 . 8 = 17*15. 

4 C 13 H 10 O 4 N 6 S 2 requires C=41*26; H = 2*64; N*=s22*22; 

S= 16*93 per cent. 

M e t hanedis ulphonyl b u-p-phenyle nediazoimide , 
CH 2 (S0 2 *N*C 6 H 4 -N 2 ) 2 , 

decomposes violently at 120°, and darkens rapidly on exposure to 
light. When triturated with /3-naphthoI in the presence of' 
pyridine, it combined additively with the former, giving rise, to 

methanedisulphonylbis-p-aminobenzeneazo-ft-naphthol, 

CH 2 (SO 2 *NH*C 6 H 4 *N 2 *C 10 H < 5 , OH) 2) 
which was also produced in the form of its sparingly solftble.ct&rk 
red alkali derivative on adding the bisdiazonium chloride ta alkaline 
/3-naphthol. The free azo-fl-naphthol is a red powder, varying con- 
siderably in tint, and only sparingly soluble in the ordinary organic 
media; it melts at 272°: . ; *>. 

0*1304 gave 14*4 c.c. N 2 at 15° and 752 mm. N — 12*80. 

C j 3 H 2( .0 6 N 6 S 2 requires N = 12*61 per cent. 

IV. — Methanesulphonyl-p-phenylenediazomide. 

The methanesulphonyl chloride employed in the following experi- 
ments was either purchased or prepared from methyl sulphate, 
this ester being converted into methyl thiocyanate by means of 
aqueous potassium thiocyanate. Methanesulphonic acid was then 
produced by oxidising methyl thiocyanate with nitric acid, and 
freed from water as completely as possible by repeated evaporation. 
Treatment with phosphorus pentachloride led to the formation of 
a mixture of phosphoryl chloride and methanesulphonyl chloride, 
which was fractionated under the ordinary and also under reduced 
presaure. All the specimens of methanesulphonyl chloride employed 
contained appreciable amounts of phosphorus compounds, which, 
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fortunately, did not interfere seriously with the following con- 
jdensatio^^^.. 

MetharieSpkonyl-'p-nitroaniline, CH 3 * SOo'NII'Cfill^NOg. 

Ten grains of methanesulphonyl chloride were added to a warm 
[toluene solution of p-nitroaniline (10 5 grains) and tricthylamine 
|(10 grams); a heavy, oily layer separated, and rings of triethyl- 
amino hydrochloride were projected from the flask. After boiling 
! for fifteen minutes, the solvent was evaporated off, and the residue 
extracted’ with excess of aqueous sodium carbonate until only a 
slight amount of tar remained undissolved. The solution was 
thoroughly cooled, and the crystallised p-nitroaniline separated; 
the filtrate^ acidified with hydrochloric acid gave an almost colour- 
less precipitate of methanesulphonyl-p-nitroaniline, the yield^elng 
about 9 to 10 grams. 

Very little condensation occurs in the absence of triethylamine, 
and in this respect methanesulphonyl chloride differs considerably 
from methionic chloride, which reacts energetically with p-pitro- 
aniline, even in the absence of any condensing agent. * 

Methanesulphonyl-p-nitroaniline crystallises readily from dilute 
alcohol in pale yellow needles or transparent, amber-coloured prisms ; 
it melts at. 186° : 

0*1212 gave 13*9 c.c. N 2 at 20° and 756 mm. N = 13*06. 

C 7 Hg0 4 N 2 S requires N= 12*96 per cent. 

This nitro-compound dissolves readily in aqueous sodium car- 
bonate or ammonia, and is slightly soluble in water; it is not 
reprecipitated ’from its alkaline solutions by acetic acid, but .only 
by mineral acids. 

Uttkantsid'phonylr^-'phenyltnediamine, CH 3 »S0 2 , NH , C 6 H 4 *NH 2 . 

The foregoing nitro-compound could not be reduced satisfactorily 
by iron and dilute acetic acid, zinc and ammonia, aluminium 
amalgam, stannous chloride, or ammonium sulphide. The best 
result was obtained by dissolving 2 grams of nitro-compound in 
20 c.c. of 50 per cent, alcohol, containing 0*5 gram of ammonium 
chloride. On adding excess of zinc dust to the warm solution, 
reduction occurred, and was completed by boiling for a short time. 
The alcoholic filtrate was rapidly evaporated to dryness, and the 
residue extracted with benzene. When crystallised from this 
solvent, the base separated in colourless needles, melting at 122° : 
0*1327 gave 18*1 c.c. N* at 20° and 772 mm. N =15*86. 

0*1588 „ 0*2036 BaS0 4 . ^ = 17*60, 

C 7 H 1(] 0 2 N 2 S requires N = 15*05; S = 17*20 per cent. 
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The hydrochloride of methanesulphonyi^pheiiylenediamine, 

which is readily soluble in water or alcohol, slpara^^g^lourlesg 
leaflets, melting at 223°: 

0‘1192 gave 12*7 c.c. N 2 at 21*5° and 761 mm, 

CtHjoO^HCI requires N = 12'53 pe^ 

The sulphate is somewhat less soluble in water, and'ju 
by alcohol from its aqueous solution. Thb^tUaL, 
separated in colourless plates on adding successively* 
and dry ether to an alcoholic solution of the h^jfeih 
rapidly becomes brown and viscid on exposure to ' the Atlht>^ph ert 
The diazonium sulphate was more stable than 
chloride, and separated in colourless crystals on addin^ethyl 
nitrite and ether successively to a solution of the sulphato ih- glacia 
acetic acid. v ■*.» 

Thete diazonium salts, when added to strong aqtf&fts 0lhtioni 
of sodium acetate, gave, either a resinous product or an 'ktenseh 
yellow solution, the result depending on the concenfratkJlof' the 
sodium acetate. Only in two isolated cases was a yellow, 'crystalline 
product obtained in this way. This compound decomposed gently 
on gently warming, whereas the resinous product burnt quietly. 
The former of these substances was evidently the dilzbiznide as 
was, proved by coupling it with jfcnaphthol *‘r^**$r 

The dmoirmde was obtained in the solid cocditioii:%#ihmn? 

S ° l f° n J ° f met!lanesul P ho ?? 1 -?-pl>®yJ«e4ii.Du-n e 
hydrochloride m d sodium nitrite, taking these salts in '^Stely 

weighed molecular proportions. The solution was rapidlyiiltered 
. f° '° r and **■ of a dear yellow colour was evaWed 

at thepidmary tempprature in a vacuum desiccator over phosphoric 
oade.-Md potassium hydroxide. Ah orauge-yellow reai(fo,waa 
o tamed, consisting of the diaaoimide (decomposition point* jhO 0 ) 
and sodium chloride in approximately molecular proportipus. %e 
mixture was ground thoroughly, aud the «#eWoHde 

" “ «>*um Mphate after heating with pure concentrated 
sulphuric acid. After making allowance for the proportion of 
lum c oride present, the following results were obtained • 

0-353 "“If 8 C w S a “ d 0 ' 0646 H *°- C=«-23; Hi v #06. 

C irn v f* C ?‘ N * at 20 ° and 772 mm - N=2l-903«* ! ‘'® 


■ " ^^'v^P^enyienediamine 

yellow solution contained 'mSy tWmethM ^ 
diazoimide ; the substanrp an , ? f ^thanesulphonyl^phenylene- 

’ SUbStance a PP eared - Wet, to be less stable than 
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• fUo tiresence of sodium chloride, ? and showed signs of losing some 
*“ h f P Hiazo-nitro®m The final residue was shown to contain 
of with 0-napbthol in pyridine solution. A 

MuL was produced, which melted at 244-245 , 

fecal with meMancsidphonyl+p-dmmo b eyeneato- 


^gared by coupling L 

with alkaline 0-naphthol. In the latter pre- 
“ (-/3-naphthol was produced in the form of its soluble 
«iand was precipitated by dilute acetic ® 

free ato-P-napmhd was almost insoluble in alcohol, but crystallised 
readily frdm' glaciai acetic acid in red, glossy, filamentous needles , 
it .244— 246°, and dissolved in concentrated «jj§|^ 

aC (Vl^^fel2-3 c.c. Nj'at 19® and 758 mm. -N =12'^^® 
'■'r?-«^H ;5 0 3 N s S requires N = 12’3l per cent,|’‘W 

We Hcsire% express, our thanks to the Government G**^ Com f 
mittee of the Royal Society and the Research 
the Chemical Society %>r grants which have 

expenses |pKthis investigation. 

ltoYAL^OLLEGR OF SCIENCE, LONDON. 


[out# Kensington, S.W. 
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yih-lThe Action of Hydrogen Dioxide A gfoo- 
; *■ carbamide s. 

^ iC. By Edward de Baurv Barnett. 
tMM Imogen - dioxide ®h 'thiocr^lde to 
solutionSta^stigated by '! 

who obtained a salt of the disulphide, NH.C(NH 4 )-S 
but was unable to isolate the free base. Storch »tao|*taumd 
salts of this disulphide by oxidising thiocarbamidewitbmtoic acid 
land other acid oxidising agents. Evidently in thm^se thethto- 
carbamide react*, in the pseudo-form. It occurred to *e author 
to investigate^the action of hydrogen dioxide ® 

neutral or alkaline solution,, as if seemed possible thht in these 
circumstances it -might react as a symmetrical diamide. ^ 

. - . 

"Sf-.-'v .- Oxidation of flUpcarbamide. ■W-. 

Fifteen gr^l'' of ^tfiiely-p^ftered ^arhaii^ie were slowly 

added during an hour to 230 c.c. of 6 per cent, aqueous hydrogen 
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dioxide, the whole being cooled by surrounding with ice. The 
thiocarbamide dissolved, and after an hour the oxid^on |roduct. 
crystallised in colourless needles. These were with 

boiling alcohol to remove any unchanged thiocarbamld 
dried in a vacuum over concentrated sulphuric 
was 9 grams : 


0-3400 gave 0*1387 C0 2 and 0-1103 H 2 0. 

° ri.iOKA IT n 


C = 11*13 ; H~3‘62. 
C=1105; H=S*82. 


0*5125 „ 0*2077 C0 2 „ 0*1850 H 2 0. 

0’1465 „ 0*3225 BaS0 4 . S= 30*17. 

0-2077 „ 45*4 c.c. N 2 (moist) at 12° and 762 mm. N = 26*2. 
0*0736, in 20*10 water, gave Afl — -0*072°. M.W. = 96. ■% 
CH 4 0 2 N 2 S requires 0=11*11; H = 3*70; S = 29*63; 

HT OK-0 aanf' MW = 1 OR 


From tlie analytical results, it is clear that Storch s disulphide 
is not formed under these conditions, and the modular weight 
determination shows that condensation does not take place, but 
that each molecule of thiocarbamide takes up two atoms of 
oxygen. The compound has faintly acidic properties, and it does 
not reduce metallic salts, as would be probable if Jit had the 
structure OH*NH>CS*NH-OH. Further, the ease with which it 
evolves sulphur dioxide on heating points to the oxygen being 
in direct union with the sulphur. It was also found that carbamide 
does not yield a similar compound. 

It would appear, therefore, that its constitution is to -be. repre- 
sented as NH;C(NH 2 )'S0 2 H, and, in order to confirm, this, 
attempts were made to obtain a similar compound fronf|thio- 
benzamide and thioacetamide, but these were not successful, a 
mixture of the amide and the unchanged thioamide .being the 
invariable result. 

A minoinunomet hanesulphinic acid melts and decomposea at 144°. 
It is fairly soluble in cold water, to which it imparts a faintly 
acid reaction, but is insoluble in organic solvents. It decomposes 
slowly at 100° and rapidly at 110°, sulphur dioxide being evolved, 
It is rapidly decomposed by boiling water, and from the solution 
thus obtained cliloroplatinic acid precipitates an orange-red salt. 
This is probably formamidine platinichloride, but it has not been 
possible to obtain it in sufficient quantity for analysis. Amino- 
iminomethanesulphinic acid instantly reduces acid permanganate 
in the cold, and quantitative experiments showed that, in doing 
so it takes updone atom of oxygen. Attempts to isolate this 
oxidatiohv^p®.ct failed. On treatment with excess of per- 
manganate, Androgen cyanide is evolved. It was not found possible 
to prepare ai{ acetyl derivative by treatment with acetyl chloride. 
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tP'ljSfev/ . 

The to some dr the derivator *:of 

. ^feJy^jpbtaming similar compounda ^liS^ 
^Hefimte decomposition products. 'IT-- . * 

|| l £ $ix. •■» \ t- . -• ■ ; if , /'* 

dfltion o£ i v - 

jy-powdered allylthiocarbamfdl were graduaUy 
*Jbo jlO c.c. of a 6 per cent, aqueous solution 
I jijfe ff,. The clear solution was evaporated 
i vacuum over concentrated sulphliric acid, 

with warm alcohol. The . filtered V 
: in a vacuum at the: ordinary temperature, 
jlourless crystals were dried ; ovC 

... . 

; C0 2 and 0 1206 H 2 O v C= 29:24' 



0-1253 H 2 0: 


m 


tends 

difficult 


6 ; BaS0 4 . S= 19*09. 

-inquires 0=28*92; H=j5|)2; 8=*^fc 

OeH’or C 3 H 5 -NH-C(:NH)l8 
^viscous oil£ which only crystallises %ith 
dtfence was hot obtained in^a sfca$e oft 



mdp 


with tpqcj 
Und mu§ym| 
carbamic 

This is prc^ahh 
stituejafca. 


p^waiposet at 1|5— 170°. 

fere Also made to prepare the substand# in . 
oxidising allylthiocarbamide in acetone aolut: 
itedi^iiht ofiSjueous 30 per cent. 

acetone in a vacuum jr ^ajaf; 
after remaining undej 

a pure product by Qwdmhg|| 
-^“in aqueous or in acetqpe solution, witjf* 
viscous oil which did nut crystallise. £ 
ich the oxidation of thiocarbamidei 
in . the number of , 
s itself, the action of hydrogen ffioxid 
devout at a. low temperature ; i ‘ 
ithiocarbamide, the reaction J 
j§p dioxide has no action_<m thiq 

li 
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VJIL The Influence of Non-eleetrolw 

Solubility of Carbon Dioxide m • 
By Francis La wry Usher. 


to place upon record a l°arge r number of 
of the solubility of a gas in solutions of ifAdiAW 
hitherto been available. Although there is a consl^r^le .ma, 
of experimental data relating to the solubility of gasra m sal 
solutions, the non-electrolytes examined have heeyo«p| to 
some sugars, chloral hydrate, carbamide j* 

sociated organic acids (Roth, ZnttcK. phyM 189 ?, 24 , 

114: Braun, ibid., 1900, 33, 721; Knopp, a«f., 1$4,_48, 97; 
Christoff; ibid., 1905, 53, 321; Hufner, Hid., 19g|,. : 57 , .611; 
Steiner, Wied. Annalen, 1894, 52, 275). The expenmeUter^prded 
here were all carried out at 20°, and, except in the case of sucrose, 
at only one concentration, namely, semi-normal. Tife gi£ used 
was carbon dioxide, chosen because its ■ comparataydy:S|arge 
absorption-coefficient permitted greater accuracy in th? deter- 
minations, whilst at the same time its slight deviation from Henry’s 
law is not sufficient to preclude its use as an indifferent gas^The 
substances studied were sucrose, dextrose, mannitol, glycine, .pyro- 
gallol, quinol, catechol, resorcinol, carbamide, thiocarbanaide, 
urethane, acetamide, antipyrine, acetic acid, and w-propyl alcohol. 


Experimental 

Except in the case of the two liquid substances examined, h$mely 
acetic acid and n-propyi alcohol, the solutions were of exactly ‘semi 
normal strength, and were prepared in the absorption vessel itself. 
The apparatus was designed with this end in view, and a description 
of it will now be given. The carbon dioxide was prepared in an 
ordinary Kipp’s apparatus, from marble which had been boiled 
for some time in distilled water in order to remove adhering and 
occluded air, and concentrated hydrochloric acid. The gas was 
found to contain less than 0'03 per cent, of foreign gas. ^The 
outlet tube from the Kipp’s apparatus was connected through a tap 
with *a.V large (J-tube filled with marble chips, which served to 
prevent an y^acid spray from being carried over with thef carbon 
dioxide. i The^gas was next led through a wash-bottle containing 
concentred ^ulphuric acid, and finally through a phosphoric oxide 
tube. Wherever practicable, connexions between glass portions of 
the apparatus were made by sealing the glass together with a 




remaining 50 c.c. were contained in a bulb blown below this 
graduated* portion. rThe burette was connected by rubber tubing 
with a mercury reservoir If, carrying a levelling tub^ L of the 
same diameter as the graduated part of the burett^ 1 and was 
provided at the top with a three-way tap G, by means of which it 
could be connected eiilfe with the carbon dioxide with 

the absorption vessel. The absorptito ve&jgl A was of about 220 
«.c. capacity, andj was provided near the bw£m with^a tubulure T, 
about 14 mm. wide, carrying two small glass hooks, and which 
vould be closed by a ground glass stopper carrying a second pair 



thmt 


erara 
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of hooks, by means of which it <$uld M ^ 
with two elastic bands. * The solid substai 
through this tubnlure. On the opposite si^, ag 
was a short capillary tube carrying a three-^4* 
that either the abs&rption vessel could be connected 
delivering a known volume of gas-free water ^gT 
be connected, independently of the absor^g 
store of gas-free water employed. £ , ^ 

A flexible copper capillary, 2 metres lolnf^nd 
was used to connect the absorption vesseF with 
was cemented into the gl^ss tubing with marw|^ 
being subsequently enclosed M plastej*-°f-Ptt^^M^ 
th^m from becoming loose when the absorptid||^ 

A S^bstat was employed for sail the mi 
carried v oul at 209 ± 0-02°. When the room-temgc 
20 o , : ^oiihg coil was introduced into the the^at 
of' cl^fng out a determination is as fallows: 

» e first place, a semi-normal solution 

id was prepared, and its specific gravity.rn,^ 
mmepy and from this was calculated the 
wo® give a semi-normal solution when dissolvf^|®§ 
wal&ijr; this being the amount of water 
exacfe.qnantity of the substance was then weighed Mop 
absorption vessel through the tubulure, after^^^m 
was^faserted and fastened in position. The a^c^i|o|| 
nowtj&uod^d through the three-way tap^wr fi^pK S 
amf’tcMnletely exhausted. After closing the tap, 

Aarbon dioxide by .alternately . filling^tSbu 
, y ; and allowing the gas -iii^tbb^nrefc^^&as 
Eyessel,: by suitably turning the tlne% ; 
vessel was now placed in the thennostL 
. I^ijaperature of the contained 
and ici was arranged that when it was .full iSRr* 
atmo Am c pressure, the level of the mercury’s! 
top ^^^pburette.% The burette reading .tfasr 
the ^n^piperature andjjarometric height n 
waterj&ad.. now to be introduced. ..prdihaiy^^w^^. 
use^Midf^as previously boiled out ifl y v acuupi jjrtfc 
bottorned; flask provided with a rubber stopper carrying^ 
tubes^^.iiqrt^the other passing 
soon been* completely. removed, fche. 

cooled and the longer 

with the brMPP Of the three-way tap J?, 
which was .filled with mercury, and of which 'the volume 
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Let y = volume from beginning of copper capillary fa mark 
0 ” on burette. ^ 

and b 2 — initial and final burette readings. 

= volume of solution. 
a - volume of solid substance. 

p = barometric height, corrected to 0°. 

p = vapour pressure of solution at 20°. s 

t = room -temperature. 

The corrected initial volume of gas in the apparatus^ 

P f, . 273 273 \ 

7tio{ ( *- a) '2T3 + 

and the corrected final volume will be : 

f P-p , M 273 , P ,, , x 273 Y 

{wr {X - A) -W + 76U M, 273?<} 
hence the volume dissolved by .4 c.c. of the solution 

p-p t 

76u 


760 273 + r 1 2 293l76U v ' 


and 




P — p 273 + 1 


273 \ 273 

sh-h) + z 


2931 r-v 


{x- a) - (x~ A 


If the room-temperature is itself 20°, the expression simplifies to : 

- 1-4}) 


(ii) When water is used instead of a solution of a solid, iijp is 
the volume of water taken: 4-^ * 


P f 2 73 

f-pfas+t ** 2 + 


§5^ 


w 


- <*-*)} 


r 

if the room-temperature is 20°. 

(ui) In the case of the solutions of liquids examined, tbe 
absorption-coefficient, measured in the Ostwald vessel, is equal to: 

. -4 ' ' • ; 

where b and b’ ar^the burette readings before and after intro- 
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7i 



ducing the gas in|o the absorption vessel, and W is the volume 
of solution run out from the absorption vessel. 

^Nature and Magnitude of Errors. 

■experiments, an accuracy of 1 in 1000 was aimed at, 
of a given may be taken as correct to 1 in 500. 
ed volume difference between the first and last 
always about 100 c.c., an error of 0*1 c.c. involves an 
i 1000 in the value of a. By far the most important 

j;or were (1) inexact levelling when reading the volume 

of gas ; imffie burette, and (2) variations in the temperature of the 

thermqdp^;^.. 

Therewaano difficulty in reading the burette with a maximum 
error of /O’ 05 c.c., but the exact adjustment of the levelling tube 
was not so easy. In the initial reading, when the volumof gas 
in the apparatus is about 225 c.c., an error of 1 mm. in the 
levelling involves an error of about 0*33 c.c. In the final, reading, 
when the 1 volume of gas is only half as great, a similar eri<Sr in 
levelling/ihyolyes an error of 0*17 c.c. Thp actual uncertainty of 
levelling was probably about a quarter of a imlHmetre,/nnd . if 
the errors in the two readings were additive, this involves an . error 
of 1*2 in 1000 in the value of o. Thus the probable, error intro- 
duced by^this inaccuracy is 0*6 in 1000. h 

Variations in temperature affect the results in two ways. Thus, 
if the temperature of the thermostat is not exactly 20°, not only 
is the volume of gas soluble in the liquid changed by expansion 
or contraction, hut the absorption-coefficient is also i)j ^irectly 
influenced. Supposing that at the initial reading the ttfie tem- 
perature ‘in the thermostat is (20 — 0)°, and at the final fading it 
is (20 V#}?, $ can be calculated that the difference betweent|ip true 
and the apparent volume of gas absorbed is: 

• 27300 0 600600 . 

; ' ■$ 293 2 + 2930 + 293* - 0* C ’ C ’’ 


293* -0* 

where j S"is the difference between the volume of gas soluble; in the 
liquid at 20° and the volume soluble at (20 + 0)°. Tl&J^^teBsion, 
after neglecting 0 and 0 2 in the denominator, and eval^t^n of B 
from the temperature-coefficient of solubility of carbbflrmdxid& in 
water, is equal to about 40 c.c. Now the maximum variation r (20) 
in the temperature of the thermostat was 0*04°, and the maximum 
error from this cause is therefore 0*08 c.c., that is, about 0 8 in 

iooo. \ - ..... ' '• 1 ’ ,v:; 



- .*•**«**- the other 'etjrbrs ar^ufiimportant. 

The haromfetelc^as read with an accur$^ of" 0*1 in^., and the 
height of the mercury column was 4 corrected* for expansion from 
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0° to the room-temperature. The time intervg^>etween the ipitia 
and final readings was usually about half anjjjwj 
error was introduced through employing the 
barometer readings, since these never differed* 
mm., and could not as a rule be detected. Si 
temperature was always sufficiently constant j|jjM 
to preclude the introduction of any appr 
employing the mean temperature for the^ ^ 
no" doubt that the gas in the absorption 
saturated with water vapour at the second r' 
the vigorous shaking which always took place, 
the burette was dry, since the burette tap 
the absorption vessel was being shaken, andf gas y?a$ 
to pass from the latter into the burette. 

determinations were made in every case,* in 

difference i&T7 in 1000, and consequently the probably 
the results is about 1 in 1000. 



•AJ0rj^li(yhrcoeffi-cknt in Water . — Four detemihffia 
mad^and ,the values found were (i) 0 8775 ; (iiY 0*#? 

O’ 8 ^^^ 0 * 8766 ! mean > °' 87T - •' 

is in good agreement with that 
AnnaUn;, 1899, 68, 503), namely, a. w ^Q-& 18 * : ; 

TatfleT gives the absorption-coefficients (a^|fe ‘fche%dK 
sucrose'elamined, and the specific gravities of 


Table I. 


; ' a. 

■ - { 0*8440 • 

"If A72 ' '' / 0*7554 

'r'''r'r; \ 0 * 7 563 


Mean o'. 

o-8«taiiia 


\*Wk" ' (oS- 0-649 

, >-4iWS(C3 

in .table II are given the absorption-coefficients itfieM 
solutions of the* other substances examined, and,; for- 
reference, the specific gravities of the solutions ah 
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V « ' 
fa * 79i4 

\°- 7928 
/ 0-7822 
mmx-A 0 - 78X1 
8425 







Mean a'. 

0-792 

• . -v*- 

0-782 


Sp.gr. 

iV/2-Bolution, ' 
- -l-*28 " 




1-03031 

1*01413 

1-01718 


' rTM 

Sp. gr. 

■ SOlid . ;; 

1*56 * 

i*46 


Mfe 

^Sa » i (Tba iv vs oco 

0 858 i-ui/io l etB;; -* 

-‘,. i.?; 887 " vmm • 


Mg : 

SS &^ TO'8690 • 1 - -^- v 

^,10 '8682 


:f rd -8834 
' K3gSfe **^ io-8640 • 

/ 0 ‘8004 ^ 
\ 0 - 858V ^ 
SUN* / 0-8584 X?-:- 
tStiife* \ 0-8600 


/ 0-8790 
\ 0-8785 

- 

* Redetermined. 


0-869 

0-864 

0*859 

0-859 

0*879 

0-868 

0-869 



1*0026 ^ 

'’ 1 ' $ ■*{£§ 


Discussion , of Results. 

deductions from the results 'm^Pfe^e^d 
m'v the latter are expressed, 


tfiird; ;substance, it is, of course, 

. .. : M v ^-'- .: W ■* v£~*^*S**gW& 

to era] 
the 


*of the mme molecular cohceir 
arises with regard tie 



and th^MScentrafion is iif many cases con side^tlS^SS^ 

that oiK '-^'^' ‘ 

1000 grail? 
with se|pt 
figures f^l 
is more coir 

iuet-hod of cafeilSiionf " and " ala 




Lt the 
xSB-normal 
Igot-nonnal 
ins of semi-normal 
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strength are still sufficiently dilute to permit inferences whicl 
may be applied without serious error to very- dilute solutions. 

In table III are given values for the molecularf depiggion of 
solubility calculated according to the volume-norm 
normal methods for solutions of sucrose, a and the 
absorption -coefficients of carbon dioxide in pure tie 

solution respectively, N is the number of g r am -naol^ ^^ ^ ^^^U cro66 
in 1, litre of solution, and N* the number in lggO gr^|fggpfor. 



Table III. 


N. 

a-a'/N. 

*-ayjy'. 

0125 

0*248 

0*241 ^ 

0-25 • 

0-248 

0-284 , 

0-5 

0‘242 

0-21«C 

l'O 

0-228 

wsq:,: 


It will be seen from these figures that the molecular depression, 
calculated by the volume-normal method, is constant for solution 
up-to Nj 4, and is very little different for those of jV^S-tfoncentra 
tion; and since sucrose produces a much greater 
of the other substances examined, the deviations in of 

theses must be still smaller. The purely empirical formula, 
a-a f fN§, suggested by Jahn for expressing the relation befcweea 
depression of solubility and concentration in the case of electro- 
lytes, is obviously unsuitable for sucrose, and Roth (ftmpch. 
fhydlal. Chem., 1897 , 24 , 114 ) has shown that the • figurS>for 
glycerol are better represented by the linear formula^-^ 
therefore probably safe to assume that for moderatelj^Jputl 
solutions of non-electrolytes the effect on the solubility of^c&rboD 
dioxide, or of any indifferent slightly soluble third 8Ub?t&Jg|fe is 


directly proportional to the amount of non-electrolyte present. It 
now remains, to consider certain attempts at generalisation fn the 
light of the experimental data recorded in this paper. 

One of the most recent of such attempts is that of Philip (Trans., 
1907, 91 , 711), who suggests that substances which ^have no 
tendency to combine with the solvent are without influence on the 
solubility of an indifferent gas, whilst those which do influence the 
solubility do so because they remove a portion of the Solvent by 
forming compounds with the latte*. By " solubility ” is here 
meant the amount of gas dissolved by unit mass of the pure solvent. 
I or example, the absorption-coefficient of hydrogen in an aqueous 
solution of chloral hydrate is smaller, thah in pure water (Knopp, 
zeit&ch. physikal. Chem,, 1904, 48 , 97), but the amount dissolved 

h * kjMguraed that Ge ffcken (Zeitsch. physikal. Ohm,., 1904 , 49 , 257) 

whi t Ivi ° U nPr i! ° f err ° F m the ^Fdments of Gordon, Roth, and Braun, 
cn may invalidate the apparent support they afford to John’s empirical formula. 
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,y 1000 gl'Atns of Ty^er is the same in each case. This statement 
s not true, howe|$r> for solutions of sucrose ; and in order to 
jring this su^stance into line, it is assumed that the statement 
jould^PpSfc^if it were not that a certain fractiop of the water 
g witlJ^Mp^hy the sucrose, and the average number of water 
aiolec™p'^fech©d to one molecule of sucrose is calculated in a 
pay consistent^ with the theory. This method of calculation 
nvolvetf^fifaee- assumptions : it presupposes (1) that hydrates are 
formqdgSSfiat; the gas is insoluble in the dissolved substance, and 
'3) th^^ ; &soluble in the hydrate. 

That. ' 8Uch ,; - Assumptions as these have little foundation in fact 
may be Mfetred from the following table, which shows the volume 
Df catbqh dioxide dissdffed by 1000 grams of pure water for the 
different semi-normal solutions examined, calculated on the assump- 
tion thatithe Water alone is responsible for the absorption^! gas 



It is noticeable, in the first place, that in eleven out of the fifteen 
solutions examined a larger quantity of carbon dioxide is dissolved 
than can be accounted for if the water only is responsible! 1 ™* the 
absorption. This fact alone suffices to show that if we wish to 
express the solvent properties of these solutions in terms of the 
properties of their components, any conclusions depending on the 
assumption that the dissolved substance has no solvent power are 
worthless^'; ; , 

It is instructive also to compare, from the point of view of the 
hydrate theory, the behaviour of some of these substances with 
that of the solutions used by^Jones and Getman ( Amer . Ghent. J., 
1904, 32, 308) in their cryoscopic investigations. If the " average 
molecular hydration ” is calculated in the way described by Philip 
from the figures given a fcpve for sucrose, dextrose, and mannitol, 
we arrive at the conclusion that sucrose is hydrated^to the extent 
of 3 6 molecules of "water, dextrose 4*6 molecules, and mannitol 5*2 
molecules — valuer; which are completely at variance with those 
deduced by Jones and Getman from their data for the molecular 
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depression of the freezing pagrf; %».|^ors conclude tty 
sucrose in serai-normal solution at 0^ t ojfins comprag^ CTO.tainin| 
about 5 molecules of water/ 'whereas dextrose ii* - 
a small extent,, and the*tendency of mannitol 
insignificant. It js not intended here to dispute-: 
hy<jr&ie|in solution, but it may be, permissible 
wither much is to be gained by referring abnf- 
s Ability to this cause, when by so doing 
make other and more improbable assumpt^o^ 

Of a different character is the generalisation^! 
dynamic principles, by Jahn (compare Roth,^ 

Chem., 1897, 24, 115). According to ^is, 
centration of a gas remains the same wheaHtg,-^;^ 
saturation in a dilute solution of an indifferenh^pyc^tti 
stanzas when it saturates the pure solvent 
con^fioM 'idf temperature and pressure: -In c 
denotes the ratio of the number of gas-moleculeslto 
molecules of gas and solvent, and C 2 is the ratjofr^ 
thr sum of those of gas, solvent, and third st * 
req|iresi;hat ; 0\jC 2 shaft be equal to unity] 
following ' conditions are fulfilled: (i) .The 
ch^Kal^action on the solvent or the solution 
.the sarnl' molecular weight in the liquid;^ 

(iii) the "solution must be dilute. * ■ : ffifogskw 
Ir£i limited number of cases, results haVi 
are described as being in good agreement wh 
Roth v (tot cit.), using nitrous oxide, fou^ra' 
carbaMde at about semi-normal concentration* TOl3 5 
and 1$09 for oxalic acid. Braun (loc. cit.) fouri! 
carbamide and 1*023 ‘for propionic acid in- the case; 
and, in the case of hydrogen, 1*015 for propionic i 
(loc, cit.)' found for chloral hydrate, when hydrogen’ 

0*993^ind when nitrous oxide was used, thi 
chloral hydrate and 1*037 for propionic acid, 

Here we have values of C^/Cj deviating 

0*7 and 3*7 per cent, from the theoretical \xralue f 

the fact that the actual 'change of ^lubili^lffecfer-fL 
the limits' -1*3 and 4*5 per cent.^% becomesiobyioi^€u« v — 
apparently good agreement has no^ignificance wliatevlfl^^pshould 
be mentioned that Knopp’s experimen#were all cam^out at 
20°, whilst those of Roth and Braun we carried 10°, 

15°, 20°, ‘ arid 25°. The figures qnntefebove^wWl4e mean 
of the results obtained at these five temperatur^^Hl^ciuaf value 
of CJC^ was found to diminish with rising temii&altire. 
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j|to the Experimental data hiC 
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mf JL the: experiments. ; 

?is so small that it may reasonably 
confirmation of the theory; hk possij 
^^®determinin g gas-solubility 
there^ffi^pffipity that ^the dissolved substance, ^ 
chemi^fi/i-mdiff®enW may itself be capable of - clisibfe&'g 
employed'?’ ’ U&sW?: • W ! "-‘IW 

An attempt haa : been mae^.by Roth,{z«£s£#, 


^non factor which im1Tbrm| the 
tynaikic^formula- into line *with 

— — ~ ■ .TSftwk /oTififefeyy^t • . jafi own 


1903, 43Tf539^ ^find some 
deviatimlte^ih J ahn’s ^ the. 
deviatio: nsrifrom. van’t>H$fs freezing-point J$f> 
that a in the cases- of^glycerol'ah 

both of wfel^^^m large^h depiession-d^thet fre^ 
and too ~ 

however, give to§ 8 


.crose, 

^‘"dfi^he" freezing point, 
and glycine, 
Sessions, whereas the values of vj/Cg 
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for these substances are respectively 1 002 anda‘026 in sem^ormal 
solution at 20°, and would, of course, be greater 
It seems, therefore, that the effect on the solubitefcfi 
produced by non-electrolytes is not capable of e 
reference either to the formation of hydrates in 
deviations from the theory of osmotic pressure— c“ 
have already been expressed by Levin ( Zetisch . 

1906, 55, 513); but that since these effects are, as < 
cit.) has shown, practically independent of the Solttg^ 
gas and almost entirely determined by the nature of — 

or solution, it is only possible at present to refer them to mutual 
interaction among the molecules. It only remains to be mention^’ 
that the lasbnamed author has already called atfcenfcioa'.fcoff 
parallelism which exists between depression or elevation ofasoL 
bilitv and such properties as compressibility and surface' tension, 
and it is possible that the whole problem might be more success- 
fully attacked from this point of view. 



This research was carried out at the suggestion of 
Prof. Rothmund, to whom I am greatly indebted for much kindly 
advice and criticism, as well as for placing at my disposal the 
necessary apparatus and material. 

Institute op Physical Chemistry, 

German University, 

Prague. 


IX . — The Condensation of Benzaldehyde with 
Resorcinol. t 

By Frank George Pope and Hubert 1 Howard. 

The reaction between benzaldehyde and resorcinol has apparently 
been very little studied. Michael (A mer. Ckem. 1884, 5, 338), 
by the addition of small quantities of hydrochloric acid to an 
alcoholic solution of the two reacting substances, obtained a resin 
to which he assigned the empirical formula C 26 H 20 O 4 . This sub- 
stance yielded a tetra-acetate, and also, on treatment with more 
acid, was converted into a crystalline isomeride. Liebermann and 
Lindenbaum (fler., 1904, 37, 1171), by heating an alcoholic solu- 

nJSmim!** ( “ mpm Eothmraid ’ **"*• *■** 
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tion of. the two components with concentrated sulphuric acid 
obtained a^jppound having the composition C 13 H 10 O 3l which on 
acetyh«g^lded a triacetate. Since the above method of 
P roced ffi“ -.!lP, 111 “fonts and purposes, unproductive, it 

" oanown'”? 6 Manasse ’ s mettod of condensation 
2 u’ 2 t° 9 i tW ° reactln g components might yield 
2: 4^i^oxybenzhydrol, which would then be of considerable 

"f 2J|PT5“^\ 0f substitufced drones and acridines. 
We h^vemceeded m obtaining the hydrol, and have condensed 
it witji vanSus phenols and amines and prepared the corresponding 
xanthens and dihydroacridmes, as typical examples of which may 
be taken |e reaction .between the hydrol and resorcinol and the 
hydro!.. p-toluidine, thus : 



iOH .. HO/ x -OH 
JCHPh'OH + M 



HO^OH 


V CHPi, | H 


H,N: 


+ n 8 . 


V 


'Me 


2H 2 0 + ] 

\/\/\/ * 

yn 5 

Ph 

3 : 6-Dihydroxy-9-pheiiyIxantlien. 
2JH 

2H 2 0 + HO fYYl 

\AA>' 

■ ? H 

■.•••• _ Ph 

,:p4S.i ; ' "• 8-Hydroxy’.6-phenyl-3- 

.0^. methyldUiydroacridine. 

Experimental. . 

2 : i-DHtydroxybernhydrol, C 6 H 3 (OH) 2 -CH(OH)-C 6 H,._Twenty- 

grams of resorcmol were dissolved in 500 c.c. of water con 

time n fith frYV:!r h y dl0si ^ and from dime to 

time with the calculated amount of benzaldehyde (212 grams! 

S’SSJ’W darkened in colour, and Lcaie u,tSy 
iog The nS R 6 3?* ° benzi ? ld ^yde gradually disappear 
volumJof wIw 7 i !T T diluted wiU > ^out ite own 
or aceti/amd R then acidified with either dilute hydrochloric 

cipitate of the h'T’i P3 6 brownlsh - wlllte > microcrystalline pre- 
M** w« obtained. This was collected; well 
. . 1 *oth water, redissclvetl in sodium hydroxide solution and 

srse*. •*? *-» * ■» - i. 

. , g waad 4061:10 ** ld > and more readily so in pyridine but 

eposes ^faTl ^ !' rysMine form soteents. ’ For 

P of analysis, the. reprecipitated hydrol was repeatedly 
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and well" washed and finally 


extracted with hot water, . 

dried in a desiccator over sulphuric acid; 

0*1100 gave 0-2916 C0 2 and 0 0585 H 2 0. C«72’3(J 
0*2222 „ 0*5888 C0 2 „ 0*1025 H 2 0. C~ 72*^ 

C i 3 H 12 0 3 requires C- 72*22; H^5*56 pe?j 

2 : A-Dihydro xyh tnzhydrol is a faintly yellowish-c 
stance/ which darkens rather rapidly on exposure to , 
not melt, but chars at about 200°. It is readily sdubte 
of the alkali hydroxides, the solutions possessing a JS 
colour. By dissolving the hydrol in water contaming.^cX 
amount of potassium hydroxide and evaporating fcspMon to 
dryness on the water-bath, a red dipotassiu ^ compound ^g^ned, 
On recrystallisation from water, this gave, on analyst 

0*328 gave 0*196 K08O4. K.~26 /9. .. 

* C 13 H 10 O 3 "k 2 requires 26*69 per c«i| ^ 

Th e diacetyl derivative was prepared by heating 5..gJ 
hydrol with 25 grams of acetic anhydride and 1 gram j 
for three hours under reflux. The solution was filtered^ 
into a mixture of 300 c.c. of water and 50 c.c, of alcon< 
whole, then warmed on the water-bath for some timag 
excess of acetic anhydride. The solid product 
washed, and recrystallised from dilute acetic acid;\?whi 
Obtained as a colourless solid, which 
about ^200° ' 

0*1092 gave 0*2736 C0 2 and 0*048 H a O, C=rfl8‘3^ 

0*1042 „ 0*2604 C0 2 „ 0*0466 H 2 0. 

C 17 H lc 0 5 requires C= 68*00; H=5 f 33 pericenj 

2: i-Diacetoxybenzhydrol is soluble in acetone? 
benzene, or4|cetic acid, but insoluble in light .petroleum!; 

The benzoyl derivative was prepared by Hissolving^4‘3; 
of the "hydrol in the calculated amount of sodiunajfi^-. ... 

(2 tools;]) dissolved in 40 c.c. of water, and adding 5 '62 grams of 
benzoyl chloride. The mixture was well shaken, and^^e pale 
yellow precipitate collected, washed, and crystallised’ frQm,, dilute 
acetic acid. 

0*1014 gave 0J84 CO., and 0*0429 H 2 0. C = 76’38 ; H~ 4*70. 

0*2262 . „ 0*6372 CO‘ 2 „ 0*096 H s O. _^=r76‘82; H^-75. 
C 27 H 20 O 5 requires C =76*41; H = 4‘J2 per ; cenjti&* 

2: 4 -Dibemoyloxybenzhydrol is an almost colourless solid; which 
darkens somewhat on exposure. It is soluble in benzene, chloro- 
form, or acetic acid* but insoluble in light petroleum. On heating, 
it darkens at about 170°, and melts and decomposes at about 195°. 

The dimethyl ether was obtained as follows. 4*5 Grams of 




*&ms 

:oxide 
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potassium hydroxide were dissolved in 50 c.c. of methyl alcohol, 
4 gram£ of the hydrol were added, along with 6 grams of methyl 
iodide, and the whole was heated under reflux for four hours. The 
solution was then diluted with water, and rendered just acid. The 

dark precipitate thus obtained was collected, washed, and 

crystallised froi§i dilute acetic acid, from which it was obtained 
as a rather brownish-coloured, microcrystalline solid : 

0 093 gave 0*2516 C0 2 and 0*054 H 2 0. C = 73*78; H = 6*45. 

0*1.09 ,i^0‘294 C0 2 „ 0*062 H 2 0. C = 73‘56; H = 6*32. 

C 15 H 16 0 3 requires C= 73*77; H = 6*56 per cent. 

Since the above analyses would not absolutely exclude the possi- 
bility that the compound might be a monomethyl ether, C 14 H 14 O g) 
which would require C = 73*05, H = 6*09 per cent., the methoxyl 
groups were estimated by the Zeisel method, with the following 
result: 

0*8104 .gave 0*162 Agl. OMe=26*38. 

C 13 H 10 O(OMe) 2 requires OMe- 25*41 per cent. 

2: i-Dimethoxybenzhydrol is soluble in acetone, benzene, or 
acetic acid. It decomposes when heated above 130°. 

b-Hydroxy-Q-phenyl^-methylTanthen, 

HO-C„H3<“ H °^>C 6 H s Me. 

— Four grams of 2 : 4-dihydroxybenzhydrol were mixed with 2 grams 
of p-presol and 4 grams of anhydrous zinc chloride, and the mixture 
was heated to 170° for four hours. When cold, the product was 
extracted with hot water several times to remove zinc salts, and 
finally crystallised from alcohol. It is a red,* crystalline solid, 
which melts at 112°, and it is readily soluble in alcohol, but 
sparingly so in acetic acid : 

0*111 gave 0*338 C0 2 and 0*057 H 2 0. C = 83*05; H = 5*70. 

C.joHjg'Cb requires C =83*33; H^5*56 per cent. 

3: §-Dihydroxy-%-‘phenylxanthen ) HO’C 6 H s <^^p^^>C 6 H 3 *OH, 

is obtained in a similar manner when 4 grams of dihydroxybenz- 
hydrol are heated with 2 grams of resorcinol and 4 grams of 
anhydrous zinc chloride for four hours to 160°. It crystallises 
from- alcohol in small red* needles, which melt at 136°, and are 
soluble in alcohol, pyridine, benzene, or glacial acetic acid: 

01068 gave 0*3075 C0 2 and 0*0475 H 2 0. C = 78*52; H=4*94. 

C 10 H 14 O 3 requires C = 78*62; H = 4*83 per cent 

la this case the colour observed is, in all probability, due to slight oxidation 
with consequent formation of small quantities of the corresponding fluorone deriv- 
atives, the xanthens being difficult to keep in a state of absolute purity, 

VOL. XCVII. G 



82 


POPE AND HOWARD: THE CONDENSATION OF 


3: 6‘J)ibenzoyl-d~])henylxanthen was prepared by the Schotten- 
Baumann method, and on recrvstallisation from dilute alcohol was 
obtained as a rather reddish-coloured solid, melting and decomposing 
at 125°: 

0*1082 gave 0*3148 C0 2 and 0*0446 H 2 0. C = 79*3!) M|=4*58. 

C33-EI22O5 requires C = 79*52; 11=4*42 pet cent/ 

A 5romo-derivative was obtained when the dihydroxyxanthen 
was dissolved in glacial acetic acid, and the calculated lunbunt of 
bromine added gradually to the solution. A precipitate Svas fttrmed 
at first, but dissolved on adding more of the bromine. some 

time the solution was poured into water. The precipitate' was 
collected, washed, dried, and crystallised from amyl acetate, from 
which it separated in small, red needles. It is soluble in amyl 
acetate, pyridine, chloroform, or acetic acid, but sparingly so in 
alcohol, the solution obtained resembling that of eosin in ilcohol 
and possessing a yellowish-green fluorescence: 

0*15 gave 0*1866 AgBr. Br=52*94. 

C 19 H 8 0 3 Br 4 requires Br = 52*98 per cent. 

C lfl H 10 O 3 Br 4 ’ „ Br= 52*80 

It is most probable that this bromo-compound is tetrabromo- 
3-kydroxy-§-phenylfluor one, C I9 H 8 0 3 Br 4 , the first action of the 
bromine being that of an oxidising agent, since an jjtfcoholic 
alkaline solution of the bromo-compound, on treatment with zinc 
dust, gives a colourless solution, which rapidly oxidises with the 
formation of the deep red colour shown by the bromo-derivative in 
alcoholic alkaline solution. 

S-Hydroxy-U-phenyl-faiaphthaxaMken, 

O 



4*32 Grams of the hydrol were mixed with 2*88 grams of 
0-naphthol and 5 grams of anhydrous zinc chloride, and the mixture 
was heated to 150° for six hours. The zinc salts were extracted 
with water, and the residue was dissolved in dilute sodium hydroxide 
solution. Acetic acid was then added, and the precipitate obtained 
was collected and well washed with water. On recrystaUisation 
from alcohol, the compound separated as a dark red * crystalline 
powder, melting at 84°: 


0*1124 gave 9*3506 C0 2 and 0*0506 H 2 0. C= 85*07; H= 5*05. 
C 2 sH I 0 O 2 requires C~85*18; H=4*94 per cent. 

* See footnote, p. 81 . 
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The benzoyl derivative (S-benzoyloxyAVyhenylr^-nayktha- 
xanthen) was prepared by the Schotten-Baumann method, and on 
recrystallisation from alcohol was obtained in small, almost colour- 
less needles, decomposing when heated to about 103° : 

0 ' 103 fjjMo-318 CO, and 0-046 H 2 0. C= 84-20; H=4'96. ■ 
f CaoHooOj requires C =84*11; H-4*67 per cent. 

%-Hydroxy-b-fhtnyl-Z-methyldihydroacridine } 

— This-aubstance was prepared by heating 8' 64 grams of the hydrol 
with 4*28 grams of p-toluidine and 10 grams of anhydrous zinc 
chloride for four hours ,at 160°. The product was then boiled with 
water and crystallised from dilute alcohol. Owing to the obstinate 
retention of small traces of zinc salts, it was then found advisable 
to boil the product . again with very dilute hydrochloric acid, filter, 
well wash, and again recrystallise. The product thus obtained 
was a light brownish-coloured * powder : 

0T 002 gave 0‘ 3082 C0 2 and 0*055 H 2 0. 0=83*88; H = 6‘09. 

0*1 16 „ 5*0 c.c. No (dry) at 22° and 761 mm. N=5*04. 

C 20 H 17 ON requires C = 83‘62; H=5*92; N = 4*88 per cent. 

The benzoyl derivative (&-ben2oyloxy-5~yhe?iyl-3-methyldikydro- 
acridint) was prepared by the Schotten-Baumann reaction. On 
crystallisation from dilute alcohol it separated in almost colourless 
needles, which decomposed at about 135°: 

0*108 gave 0*3274 C0 3 and 0*0516 H 2 0. C = 82*67; H = 5*31. 

0*52 „ 17*4 c.c. N 2 (dry) at 21° and 740 mm. N = 3*77. 

CgyHgjOgN requires C=82*86; H = 5*26; N = 3*58 per cent. 

We are at present engaged on the oxidation of the xanthen and 
dihydroacndine derivatives, also in the condensation of the sub- 
stituted benzaldehydes with phenols and amines, and hope, to be 
able to lay the results before the Society later. 

East London College 

{Univebsity of London). 

* The colour here again ia to be attributed to slight oxidation. 
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X—The Relation between the Strengths of Acid, s 
and Bases , awl the Quantitative Distribution of 
Affinity in the Molecule. Part II. 

By Bernhard Flurscheim. 

In Part I (Trans., 1909, 95, 718)* it has been shown how the 
hitherto inexplicable influence which many substituents exercise 
on the dissociation constants of acids and bases can. bd approxi- 
mately foreseen if the electropolar nature of the substituent is 
taken into consideration, and also the amount of chemical force 
required for its linking and the steric effect exercised by it on the 
electrolytic equilibrium. Mention was also made of the fact 
that all known constants of amines are in harmony with the 
theory, with the exception of the chloro- and bromo-anilines and 
p-aminophenol. The latter compound and p-anisidine will be 
dealt with in Part III; the present paper is concerned with the 
halogen-substituted anilines, and, in view of conflicting values 
given by different authors, also w r ith the toluidincs. Further, a 
graphic method has been devised by which the superposition of the 
throe factors can be better illustrated than by the tabular arrange- 
ment previously given. Lastly, an analysis of the constitution of 
some derivatives of triphenylcarbinol, etc., is intended to 
demonstrate how these views may be applied with advantage to 
the elucidation of some disputed problems. 

1 . — The Dissociation Constants of ji-Toluidine, m -Tohddm, 

■ p-Chloroaniline , m-Chloroaniline, p-BromoanUine , and ra-Bromo- 
anUine. 

The following values have been hitherto obtained : 

p-Toluidine I’56xl0“ 9 (at 25°, £ W =1’18 x 10" 14 ) (Bredig, Zeitsch. 

physical Ghem 1894, 13, 303); ri3xl<r® (at 25*, 
^ W =1'18 x 10 -34 } (Farmer and Warth, Trans, 1904, 85, 
1713) ; 4-5 x 10“ 10 (at 15°) (Veley, Trans., 1908, 93, 2122) ; 
2-2 x 10" 10 (at 25°) (Denison and Steele, Trans., 1906, 89, 
999, 1386). 

m-Toluidine 5’9xl0“ 19 (at. 25°, £ w =l*18x 10 -w ) (Bredig, let. cit.)', 

2 , 9xl0 -1 °(at 25*, & w =ri8 x 10 -14 ) (Farmer and Warth, 
lot. cit.) ; 3 ‘9 x JO" 10 (at 14*) (Veley, loc. cit.). 

p-Chloro&mline ... 1*49 x]0~ 10 (at 25*) (Fanner and Warth) ; 1*24 xlO -11 (at 
10°) (Veley). 


* In Part I, page 727, line 11 from below, the passage “ the strength of linkings 
is more affected should read “the strength of linkings is leas affected 
This principle has been correctly applied in the tables. Also page 729, line 3, 
“ 0'00158” should read “Q’QOMO,” Borne printers’ errors have been corrected 
in the list of “ Errata.” 
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w-Chloroaniline... 6*58 x 10“ 12 (at 10°) (Veley). 

p.Bromofmiline ... 2*07 x 10-w (at 18°) (Veley); V04xl0“« (at 25°) (Farmer 
and Warth). 

m-Bromoaniliue... 9*5 x 10“ n (at 19°) (Veley). 

All tlmse constants have been determined by hydrolysis, either 
by electrical conductivity (Bredig), or by an indicator (Veley) 
distribution (Farmer and Warth), and velocity of migration 
(Denison and Steele). In addition, hydrolytic values have been 
determinedjor some of these bases electrolytically by Walker 
(ZeiUch. phpsikal. Chem 1889, 4, 319), and colorimetrically by 
Lellmann and Gotz (Annalen, 1893, 274, 139), but no constant 
has been calculated. According to Walker, the relative strength, 
beginning with the weakest, is: m-chloroaniline, p-chloroaniline | 
jj-toluidine, aniline, w-toluidine, and, according to Lellmann and 
Gotz: Wiloroaniline, w-bromoaniline, p-chloroaniline, p-bromo- 
aniline; aniline, p-toluidine. After due allowance has been made 
for the effect of the differing temperatures chosen by Veley, his 
3eries would be: m-chloroaniline, p-chloroaniline, m-bromoanilme, 
p-bromoaniline; aniline, m-toluidine, p-toluidine. The series of 
Farmer and Warth is: p- bromoaniline, p-chloroaniline ; m-toluidine, 
iniline, p-toluidine; and that of Bredig: aniline, fn-toluidme,’ 
p-toluidine. 

If this mass of contradictory evidence is sifted in the light of 
jhe present theory, w-toluidine should be stronger than aniline 
(compare Part I, tables). Similarly, ra-bromoaniline should be 
Wronger than m-chloroaniline, for the same reason that ra-bromo- 
Dcnzoic acid is weaker than 7w-chlorobenzoic acid (compare Part I, 
cables). The relative strength of the meta- and para-halogen- 
ubstituted compounds is, however, theoretically not quite so simply 
leduced. It is well known that many substituents exercise k 
tronger polar influence from the para- than from the meta- 
losition, notwithstanding the greater number of intervening atoms, 
v T hich, in an open chain, reduce the polar effect of a substituent, 
.his can only be due to a direct neutralisation of residual affinity 
letween the para-atoms, as has been assumed in the benzene 
ormula of Claus. The strength of this diagonal bond is, however, 
anable, for it depends on the amount of affinity which the carbon 
■toms of the nucleus have to offer to the substituents. In para- 
iionosubstituted anilines, the diagonal bond between the sub- 
tituted carbon atoms is the weaker the more unsaturated the 
instituting atom is, that is, the more affinity it can neutralise. 
in independent proof for this has been given by means of the 
meeting influence on introduction of a substituent (/. pr. Chem., 
90 °’ [n] 71, 502). Whereas steric considerations would lead one 
o expect that the ratio of para- to ortho-compound would be 
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greater when bromobenzene than when chlorobenzene is nitrated, 
the reverse has been observed. It might be argued that this is 
due to the greater polarity of chlorine, which might inhibit the 
formation of an ortho-compound; but this view is excluded by the 
fact that other strongly negative groups, such as N0 2 -and CO, 
which are mainly substituted in the meta-position, always yield 
more ortho- than para-di-derivatives as by-products. The only 
explanation that remains is therefore to assume that an unsaturated 
substituent, like chlorine, by making a great deljlld f |fa the 
affinity of the carbon atom to which it is linked, primarily Weakens 
the diagonal bond with the para-atom to a greater extent than 
the normal bonds with the ortho-atoms, with the result that the 
free affinity on which substitution depends is more increased in 
the para- than in the ortho-position; the reverse happen when 
an overaaturated atom, such as quinquevalent nitrogeirin the 
nitro-group, is linked to the nucleus, which it cannot bind as 
strongly as the hydrogen atom that it has displaced. Moreover, 
since chlorine has a stronger para-substituting power, in similar 
conditions, than bromine, it must reduce the diagonal exchange of 
affinity to a greater extent, that is, it must be a little more strongly 
linked to the nucleus, a deduction which is in agreement with 
other facts and views briefly outlined in a recent preliminary note 
(Proc,, 1909, 25, 261), also with the constants of chloro- and 
bromo-substituted aliphatic acids (Part I, tables). 

• If it follows, however, as a nfccessary deduction from observed 
facts, that the strength of the diagonal bond is variable, it 
remained an open question whether the transmission of a polar 
effect from atom to atom also varies with the amount of affinity 
bound by their linking. The affinity values of the chloro- and 
bromo-anilines are capable of supplying an experimental solution. 
For none of the meta- or para-compounds is there a steric factor 
to be considered. The quantitative factor would tend to make 
p-nitroaniline a stronger base than the meta-isomeride ^Part I, 
tables); nevertheless, p-nitroaniline, where the strong negative 
influence is transmitted by a strong diagonal bond, is four times 
weaker than wi-nitroaniline. On the other hand, taking the 
quantitative factor alone, the para-halogen-substituted anilines 
would be weaker than the meta-isomerides. From analogy to the 
nitroanilines, the polar factor would have the same effect if the 
transfer of polarity were independent of the strength of the 
diagonal bond. If, however, that transfer showed a variation 
parallel to that of the bond, it is conceivable that with a weakening 
of the diagonal linking, as in p-chloroaniline, a point may he 
reached where the diagonal influence becomes smaller than the 
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difference between the polar effects in the y- and 5-positions in an 
open chain; in that case the polar factor becomes smaller for the 
para- than for the meta-position, and this difference may again 
conceivably^© so great that it outweighs the quantitative effect in 
the oppQSp* direction. The result would be that p-chloro- and 
bromo-aniline would be stronger bases than their isomerides. The 
same considerations enable one to foresee the relative strength of 
p-chlor(K and p-bromo-aniline in either case. If the polar influence 
tranapritt^ithrough a bond is independent of the strength of the 
latter, chlorine, being a little more strongly linked and also more 
polar, would, in the para-position, weaken aniline more than would 
bromine; in the reverse case, the very fact that chlorine is more 
strongly linked, would, by weakening the diagonal bond, also 
reduce its polar effect, so that p-chloroaniline might become a 
stronger base than p-bromoaniline. Moreover, if the polar factor out- 
weighed the quantitative factor as regards the relative strength 
of the meta- and para-isomerides, it would have to do the same 
with regard to that of the para-compounds among each other. In 
other words, p-chloroaniline not only might, hut would, be stronger 
than p-bromoaniline if p-chloroaniline were stronger than ■m-cbloro- 
aniline; the sequence of values of Lellmann and Gotz, and of 
Veley, would therefore be impossible. 

To decide these important points, it was necessary to devise a 
more trustworthy method for the determination of the a ffin ity 
values of very weak bases. The vastly differing results quotec^ 
above show that no such method existed. It is well known that 
values based on electrical determinations of hydrolysis become less 
accurate for very weak bases, whereas the colorimetric methods 
depend greatly on physiological factors, and can claim but a quali- 
tative usefulness. A good distribution method, however, which 
would yield values in agreement with those obtained by the con- 
ductivity method for stronger bases, where the latter method is 
trustworthy, could also be relied on to give accurate results for very 
weak bases, where the conductivity method fails. Such a method, 
simple and suitable also for organic laboratories, would be that due 
to Farmer and Warth (loc. cit). The results published by these 
authors for and p-toluidine, however, differ considerably from 
those obtained by Bredig by the conductivity method (loc. cit.). 
This has been ascribed to association. Having had some experience 
of the difficulties affecting the quantitative determination 
of volatile amines, the author thought that the incorrect results 
of Farmer and Warth might be due either, to Actual experimental 
error m the determination of the amines, or to the too high 
concentrations used, which again may have been necessitated by 
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the difficulty of accurately estimating small quantities of the 
amine. As may be seen in the experimental part, this was found 
to be the case, and the introduction of an accurate method of 
determining the amine gave results in agreement with the deter- 
minations by conductivity where such were availably and closely 
agreeing with each other in all the other cases The following 
values were obtained, at 25“ and for *.=1;18: ^toluidrne, 
3-48x10-“; p-toluidine, l'48xl0-»; m-chloroamlme, 3 45 x 10-»; 
ui-bromoaniline, 3'82xl0- n ; p-cbloroaniline, 99xl0;ti; ^bromo- 
aniline 8‘8x 10" 11 . The relative values for m- and p-toluidine and 
those for ^chloro- and w-brorao-aniline agree with the theory. 
The relative values for the meta- chloro- and bromo-compounds on 
the one hand, for the para-compounds on the other, constitute, on 
the basis of the present theory, an experimental proof that atom* 
transmit their polarity to each other in proportion to the quan- 
titative strength of the bond by which they are linked. Lastly, 
the relative values for p-chloro- and bromo-aniline also agree with 
the theory. 


2, Graphical Illustration of the Three Factors which Determine 

the Dissociation Constant. 

When a radicle is introduced two or three times successively in 
the same position, the magnitude of the effect on each introduction 
is generally not the same. This is in accordance with the 
♦ theoretical postulate that all three factors, if they differ from 1, 
must vary with each substitution. When two atoms A and B 
are linked, by partly transferring the polarity of each to the 
other, they reduce the difference in their specific polarities (compare 
Proc., loc. cit.). If a second atom B is then linked to A, the 
difference of polarity being now less than it was 'for the first B, 
the polar effect of the second B on A must be smaller than that 
of the first B. Similarly, since the force with which atoms are 
linked is the result of an equilibrium (/. pr. Chetn., 1907, [ii], 
76, 185; Proc., loc. cit.), that equilibrium cannot be displaced so 
much by the second atom as by the first. The steric factor, on 
the other hand, shows the reverse change. The behaviour of 
di-ortho-substituted when compared with mono-ortho-substituted 
compounds, and that of tertiary, secondary, and primary aliphatic 
acids on esterification leave no room for doubt that the steric 
effect is relatively greater for each subsequent introduction of the 
same substituent in the same position. 

All this has been duly considered in the tables given in Part I, 
but it can, of course, be much more accurately represented 
graphically, as exemplified by the accompanying figures. The 
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logarithms of the factors and the total effect are plotted as 
ordinates, and the total number of substituting groups as abscissas ; 
the logarithms of the factors, when added, give the logarithm of 
the total effect exercised by a substituent. This total is the 
quotienfeM^the dissociation constant of the substituted by that of 
the unsubstituted compound. The individual factors, although 
they cannot, of course, be determined with mathematical accuracy, 



can still be approximately arrived at, especially as regards their 
relative values, by conforming to the three postulates just men- 
tioned, and by comparing a great number of compounds, and 
generally conforming to the principles laid down in Part I. 

As the curves for ammonia show, the hitherto inexplicable effect 
of methyl in first raising, then lowering, the constant is readily 
accounted for. For trichloroacetic acid, the older value by 


90 


flurscheim: the relation between the 


Ostwald (K = 121) has been adopted, since the curves obtained 
with the constant given by Drucker (K<40) left no doubt that this 
value is too low, a conclusion which is supported by comparisons 
with other chlorinated acids. (Owing to the exigency of space, 
the different figures are on different scales.) 

3— The Constitution and Relative, Stability of Some Q^ternary 
Bases , Salts , and Ions. 

The constitution of numerous coloured organic salSPfcfBtill a 
much discussed point, the question being generally whether the salts 
and ions have the same constitution as the corresponding base, or 
whether the ionisation of the latter has been accompanied by 
intramolecular rearrangement. In many cases, at least in solution, 
differences of constitution have been established; but in others 
only the inconclusive evidence afforded by the colour of the 
compounds has been available. The present theory suggests the 
following deductions. . ? * 

A linking can be broken by ionisation if the amount of affinity 
available for its formation is relatively small (see Part I), or if the 
respective atoms are of pronounced and opposite polarity. Now the 
former of these conditions is common to all organic rf halochromic ” 
bases, both in their normal and pseudo-forms. In triphenyjcarbinol. 
for instance, the aliphatic carbon atom of the benzenoid form is to a 
great extent saturated by the residual affinity of the three benzene 
nuclei (Thiele); little affinity is therefore left for the hydroxyl 
which becomes ionisable (Walden). In the quinonoid form, the 
hydroxyl group would be attached to a carbon atom saturated by 
the great residual affinity of the atoms at the end of a chain of 
contiguous ethylenic linkings (compare pentadiene, Thiele), and 
therefore also weakly bound and ionisable. Hence it is evident 
that when such a compound is dissolved in an ionising solvent, 
the great mobility of the electric charge must cause an equilibrium 
in which ions of either form are present. The constant 

^iininonoid ion/^benzenoid ion 

is determined mainly by the polarity of the atom linked to the 
positive Corpuscle in either case, in the sense that the electron 
prefers the atom most strongly heteropolar or least isopolar to 
itself. Which of the two isomeric forms separates as a solid from 
such a solution depends on the product : 

x K x solubility of un dissociated benzenoid form 
k 2 solubility of undlssociated quinonoid form ’ * ’ ‘ 

If it is greater than 1, the quinonoid form separates, and vice 
versa. In this expression Jc 2 and k & are the dissociation constants 
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of the quinonoid and benzenoid forms respectively. These depend 
on the quantitative polar and steric factors, and their relative 
magnitude can therefore be ascertained by means of the present 
theory$$Jte£s seen that, whereas in the ion both forms are 
simultani&ttsly present, the solid salt or hydroxy-compound may, 
a priori, correspond with either one of them. 

When,, the quinonoid form of two compounds, I and II, gives 
abase of ; alkaline strength (oxonium, azonium, etc.), and therefore* 
pract^all^on-hydrolysed salts, it can be shown that the relative 
degree of hydrolysis of their benzenoid salts, with strong acids and 
for equivalent dilutions, very approximately corresponds with the 
equation: 

^hydrolywd I ^ /^jT l * II /n\ 

^hydrolywd II V &3I X j 

The tendency toward hydrolysis therefore is also a function 
jjlj all the three factors, as the following few examples may 

monstrate. 

n '/ (a) The Polar Factor . — The dimethylamino-group is much more 
electropositive than methoxyl. In consequence, i l is much greater 
for p-dimethylamino-snbstituted triphenylcarbinols than for the 
corresponding methoxy-derivatives, and the former are hydrolysed 
to a much less extent than the latter. For the same reason, 
iV-methylquinolinium salts are more stable than benzopyrilium 
salts. Since, for polar reasons, k z for a hydroxide or acetate, etc., 
is invariably much lower than for a chloride, sulphate, etc., whereas 
for the oxonium-, azonium-, etc., form, k 2 is of the alkaline order for 
the hydroxide as well as for all the salts, and since ^ is independent 
of the anion, product (1) leads one to expect that the solid 
hydroxide, etc., will be benzenoid in many cases where the chloride, 
etc., are quinonoid. 

(&) The Quantitative Factor . — An unsaturated substituent in 
the para-position raises the quantitative factor of i B , as shown by 
the formula: 

V (c h 2 VX-.Q-c/ 

An independent proof for this is afforded by the fact that iu 
such cases groups attached to the methane-carbon atom become 
labile and reactive even where ionisation and a quinonoid change 
are excluded. Thus phenylwoamylcarbinol can be distilled at 132° 
(Grignard, Ann. Univ. Lyon , 1901, No. 6, page 1), whereas its p-di- 
methylamino-derivative gives off water at 120 Q (Sachs and Weigert, 
Ber., 1907, 40, 4365), on account of the weakened linking of the 
hydroxyl group. When, accordingly, methoxyl is introduced into 
every para-position in triphenylcarbinol, each successive substitution 
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means fot the respective nucleus, a corresponding rise of and, 
through the polar factor, also of *, By equation (2), the sue 

SOnO 0 "' = Or‘O u ; = 

/ _ \cPh:/~^):oMe, 

© 

Iodic equilibria. 

cessive decrease of hydrolysis is therefore approximately geometrical 
(compare v. Baeyer and Villiger’s “ Potenzengesetz,” Ber 1902, 
35, 3021). Similar considerations apply to the introduction of 
one, two, and three dimethylamino-groups in the para-positions of 
triphenylcarbinol (Hantzsch and Osswald, Ber., 1900, 33, 278), or 
of one and two of these groups in the para-position with respect 
to nitrogen in an azoxonium or azothionium salt (compare 
Kehrmann, Ber., 1906, 39, 923). 

(c) The Steric Factor .— If the ionic equilibrium for fluor 
trimethyl ether: 

0 CJ9>CO»lUe 

C 6 H 4 «CO,Me \/ 6 4 2 

OMe-C 6 H 3 <£>C 6 H 3 -OMe = OMc-C,H,<^>C,H,-OMe 

I 

0 

C 6 H 4 -C0 2 Me 

n OM«-C c H 3 <J^>C e H 3 :OMe 


is compared with that for the similar compound not containing the 
carboxym ethyl group, A 3 is nearly the same for both, since the 
steric and polar influence of the carboxyl group counterbalance 
each other. But k l7 depending only on the polar factor, is much 
greater for the fluorescein, which is accordingly less hydrolysed, 
notwithstanding the presence of the additional negative substituent 
(Kehrmann, Ber., 1909, 42, 870). 

It is a disputed point whether these and similar ions (azoxonium, 
azothionium, etc.) are ortho- or para-quinonoid ; it is seen that 
they are both. The relative preponderance of the competing 
equilibria depends on the respective products ^ and k 2 . 

If the ionic equilibria for benzopyrilium salts are compared : 




,ch: 


0— CH 


= 


,ch:ch. 

6 4< ^0— CH ’ 
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an increase of the size of the anion raises the steric factor for 
accordingly, in these compounds the bromides are better conductors 
than the chlorides (Walden). 

The above ionic equilibrium also facilitates the interpretation 
of the reactions of these compounds. If they were merely benzenoid 
in solution, the lability of para-substituting halogen atoms in 
dissociating solvents would be inexplicable; if a direct migration 
of the acidic radicle in the undissociated molecule were assumed 
to account for it (Gomberg), then triphenylmethyl chloride in 
sulphur dioxide would be transformed into p-chlorotriphenyl- 
methane, since hydrogen is much more mobile than chlorine. 
According to the theory advanced in this paper, the exchange of 
halogen exclusively occurs in the quinonoid ion, and, the electric 
charge being much more mobile than hydrogen, the former only 
migrates to the central atom. It also follows from this that salts 
and double salts obtainable from a benzenoid carbinol or halogenide 
in a non-dissociating solvent must themselves be benzenoid, whatever 
their colour (compare v. Baeyer, Tschitschibabin). The same applies 
to the corresponding derivatives of distyryl ketone and similar 
compounds. These deductions apply to many other ionic equilibria, 
for instance: diazonium salts*: 



The reasons why Cain’s formulae have been adopted in this paper are, in 
addition to those adduced by Cain (Trans., 1907, 91, 1049, and recent discussion 
with Hantzsch), the following : 

1. The fact thar only the normal, but not the iso-derivative, can directly change to 
the diazonium form ; this excludes stereoisomerism, and is explained by Cain’s 
formula. 
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acridinium salts: 


c 8 h,<“:>c 6 h 4 


c 6 h 4 < 


^CMe^ r tt 


etc. 


Experimental 

In order to effect a quantitative estimation of ' the vo$tile amines 
obtained in the benzene layer by Farmer and WartVs distribution 
method, it is not feasible to precipitate the amine by hydrogen 
chloride and then to collect it. For, apart from partial thermic 
dissociation on drying, the mechanical losses preclude a . sufficient 
accuracy, especially when it is remembered that the weight of the 
amine in the benzene layer, and therefore any experimental error in 
its determination, is multiplied by 20, after which the weight of 
the amine 1 in the aqueous layer is obtained by subtraction. 

(a) Determination as Acetates. — By adding a small excess of 
acetic anhydride to the benzene layer, and then distilling off the 

2. The fact that only the isodiazohydroxide, but not the normal one, changes to 
a nitrosoamine excludes stereoisomerism, and is explained by Cain’s formula. 

3. The quantitative and polar factors being the same for syn-and aftti-isomerides, 
but the steric factor being greater for the syn-, the latter would be the stronger acid. 
The reverse is, however, the case, notwithstanding the fact that the secondary 
change of the undissociated hydroxide, which would shift the electrolytic equilibrium 
in its favour, is generally more pronounced for the iso- than for the normal 
compound. 

4. An objection against Cain’s formulae has now been removed by the recent 
discovery of azomethane, whereas no 'aliphatic [diazonium compound has yet been 
obtained. 

5. The fact that diazonium salts do not show the characteristic reactions of the 
ethylenic bonds of a quinone is in perfect harmony with Cain’3 views ; according to 
universal experience, especially as regards benzene substitution, tervalent nitrogen 
is more unsaturated than an ethylenic linking, so that bromine, for instance, is first 
added by tervalent nitrogen, whereby the quinonoid configuration disappears, and a 
perbromide of Chattaway’s formulation is produced. Similarly, hydrogen is first 
added by tervalent nitrogen in the diazonium ion, and the bridge being thereby 
opened, only a hydrazine, but not a diamine, can result Oxygen, also, is primarily 
added by the tervalent nitrogen of the diazonium ion, the bridge being broken, and 
a nitroamine produced. 

6. Other formulae that have been put forward seem to be highly improbable. 

ere are steric objections against Euler’s formula, whereas Morgan’s' seems an 

unnecessary complication. Cain’s views leave room, of course, for an analogous 
ortho -qumonoid formula; but since Hantzsch [Ber., 1903, 36, 2069 ; Hantzach and 
. B . er •' 1900 » 33 > 505) has shown that the replacement ofo- and yj-suhstituents 
m the nucleus of diazo-compounds probably occurs in the wodiazo-form, it need not 
nave any bearing on the constitution of the normal diazo- and diazonium 
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benzene and drying at 100°, the amine may be determined in a 
fairly exact way in some cases, whereas no constant weight is 
obtained in others. Thus, with p-bromoaniline, the weight of the 
acetyl derivative was invariably too low. 

(5) DrlWinination as Hydro chlorides . — The benzene was distilled 
oil in a current of dry hydrogen chloride, and the residue, together 
with the flask (which had been weighed when dry), heated for an 
hour in a current of the same gas at 100°; before opening the 
flask, .the hydrogen chloride was expelled by dry carbon dioxide. 
At firsl a cork stopper was used, and two tests gave the following 
results: ^ « 

p-Chloroaniline: 0*5774 gave 0*7394 hydrochloride; calculated, 
0*7424; difference, 0*0030 = 0*4 per cent. 

p-Chloroaniline : 0*4822 gave 0*6179 hydrochloride; calculated, 
0*6199; difference, 0*0020 = 0*32 per cent. 

Subsequently it was found that, after repeated use, traces of 
the cork dissolved in the benzene under the action of .the acid, 
and a washing flask with ground-in stopper was therefore used. 

(c) Determination as Picrates .- — An experimentally simpler and, 
in view of reduced thermic dissociation, also better method consists 
in heating about 1 gram of picric acid to constant weight, at 100°, 
in a wide-necked 120 c.c. flask. The benzene solution is' then 
introduced, the solvent distilled off, the flask heated for about 
forty-five minutes at 100°, and the weight of the amine obtained 
by subtraction. The flask is then heated for another hour, when 
the loss should be less than 0*0010 gram. If it is more, heating 
should be continued, until it is less (per hour), and until the loss 
becomes constant (due to thermic dissociation only) ; this constant 
loss per hour, multiplied by the time of heating, must then be 
added to the final weight. 

w-Bromoaniline : 0*0962 gave 0*0965 after heating for thirty 
minutes, and 0*0956 after seventy minutes. 

p-Anisidine : 0*1166 gave 0*1169 after six hours; in this case 
prolonged heating was necessary, whereas nearly always forty-five 
minutes were sufficient, since, probably through traces of oxidation, 
the mass became coloured and tenaciously retained some benzene. 
As the anisidine picrate showed no thermic dissociation whatever, 
the weight became finally constant and was correct, notwith- 
standing the prolonged heating. 

Since the picrate method gave results as accurate as could be 
desired, the results by that methad are alone given in detail, those 
hy the hydrochloride method being shortly mentioned for com- 
parison. For p-anisidine, however (see Part III), the latter method 
" as f° liri d to be preferable, there being no oxidation in that case. 
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Determination of Affinity Values.— In each case specially pure 
preparations were procured. The values were calculated by the 
formulae given by Farmer and Warth (loc. cit.). The results by 
the picrate method do not vary by more than 5 per cent., a limit 
which has been declared by Ostwald to be admissible even for the 
direct conductivity method ( Zeitsch . •phy&ikaH. Chem 1889, 31 ? 
73). They differ by less than 10 per cent, from Bredig’s con- 
ductivity values, which, in one case, differ by 18 per cent, frora 

each other. ^ ^ _ ■. . 

The letters again signify : F — distribution coefficient; Cj— initial 
concentration of acid; c 2 = total initial concentration of amine; 
x = hydrolysis; v- dilution; s = substance used (in grams); ^sub- 
stance obtained from benzene layer. Where salt is added under 
s, the hydrochloride of the amine was used ; in the other cases, the 
free amine and the amount of iV-hydrochloric acid corresponding 
with were employed. 

w-Toluidine. — A specimen was prepared from ^toluidine by 
acetylation, nitration, hydrolysis, elimination of the amino-group, 


and reduction: 




s. 

r. F. 



0*1623 

0*0763 

0-0907 31*9 . 32 

0*0428 32*06 average, 32. 

s. 

r. 

Cj. 

0 . x. lc. 

0-9299 

0-0357 

0*00648 0-00648 

154-3 0*056 5-48x10- 

(salt) 




Specimen from Kahlhaum , which was redistilled : 

21794 

0*0561 

0*0152 0*0152 

65*8 0*037 5 46x10' 

(salt) 



a 

1 -8753 

0*0518 

0*0131 0*0131 

76*3 0-0397 5*49x10 

(salt) 



Average, 5 48 x 10~ 10 . 



By Hydrochloride Method: 


*=1*59 ; 0=67; .r=0-0353; 

7^6-lOxlO- 1 ". 

p -Toluidine (Kahlbaum) : 



s. 

r. F. 



0-0952 

0-0528 31-0 


s. 

r. 

c. : . Cj. 

v. x. k. 

2-6247 

0-0376 

0*0183 0'0183 

54*6 0-0207 148 xlO' 9 

(salt) 




m-Ckloroamline 

(Schuchardt) : 



s. 

r. F. 



0-3316 

0-2370 83 6 

Average, 85*2. 


0-3169 

0*2279 86*8 

s. 

r. 


v. x. • h. 

0-7793 

0-2423 

0*00613 0-00613 

163 0-21 3 -45 x 10 -1] 

0*7984 

0-2465 

0-00626 0-00626 

160 0*208 3-45 xlO-* 11 


Average, 3 '45 x 10". 
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By Hydrochloride Method : 


1-8143 ; i?=70*4 ; aj=0*142 ; fc=3‘56x lO -11 . 


xa-Bromoaniline (Schuchardt) : 

$. r, F, 

0*1916 0‘1493 162-3 

0-3166 0-2449 155 ‘5 


Average, 158 *9 


s. :X r, c v c,. 

0*2988 0-1673 0'00174 0*00175 

0*3397 0*1571 0*00163 0*00163 


1 ). x. k, 

575 0*345 3*73xl0~ n 

613*5 0*347‘ 3 92 x 10 -11 

Average, 3*82 x 10~ u . 


By Hydrochloride Method: 


^=0*3180 ; 0=540*5; 3=0*351 j £=3*36 x 10~ 11 . 


p -Ghloroaniline (Schuchardt) : 



s. 

r. 

F. 




0*2177 

0*2030 

0-1478 

0*1379 

64*0 

64*1 

Average, 64 


s. 

r. 

% 

<V 

v. x. 

k. 

0*8173 

0-1222 

0*00498 

0*00498 

201 0*143 

9*9 xl0** n 


(salt) 


By Hydrochloride Method: 
s=l*9702; 0=64*73 ; *=0-084; k =9*9=10““. 


p Bromoanilme (Kahlbaum) : 

s. r, F. 

0*1929 # 0T447 115*8 

0*1908 0*1428 113*8 


Average, 114*8. 


s. 

0*3443 


0*1141 0*00165 


h- 

0-00165 


v. x. k. 

606 0*248 8 '8 X 10 -n . 


By Hydrochloride Method: 
s=2*0975; ®=82'0 ; a?=0*0975 ; A=9‘2xl0“ 1] . 


It will be noticed that by the picrate method, dilutions varying 
from54'6 to 61 3*5 could be employed, whereas Parmer and Warth’s 
dilutions were much smaller, varying from 10*0 to 64*1 . 


The author is again indebted to Dr. Sen ter for kind criticism. 
Fleet, Hants. 
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By Hydrochloride Method: 

$=1*81.43 ; *=76-4* *=0*142 ; i=3*56 x lO" 11 . 

m -Bromoaniline (Schuchardt) : 

S; r. A'. 

0*1916 0*1403 162-3 . ,, 0rt 

0 3156 0-2449 155 5 Average, 158 9 

8. r. c r tfj. v. x. h 

0*2988 0*1673 0*00174 0*00175 575 0-345 3*73xl0~ n 

0-3397 0*1571 0*00163 0*00163 613*5 0*347 3-92 xlO' 11 

(salt) Average, 3*82 x 10^ n . 

By Hydrochloride Method: 
s = 0*3180 ; v=540*5 ; *=0*351 ; Ar=3*36 x 10~ 11 . 
p -Ckloroaniline (Schuchardt) : 


8. 

0*2177 

0-2030 

r, 

01478 

0*1379 

F. 

64*0 

64-1 

Average, 64 


r. 

e 2 . 


V, X. 

1c. 

0-1222 

0*00498 

0*00498 

201 0*143 

9-9 x 10* 11 


(salt) 

By Hydrochloride Method: 
s = l*9702; «=64*73 ; * = 0 084 ; ^ = 9'9 = 10“ n . 
p-Bromoaniline (Kahlbaum) : 

s. r. F. 

0*1929 0 1447 115*8 * 

0*1908 . 0*1428 113*8 Average, 114*8. 

A 

s. r. c 3 . c x . v. x. h. 

0-3443 0 1141 0*00165 0*00165 606 0*248 8*8xlO~ n . 

(salt) 

By Hydrochloride Method: 
s=2*0975 ; ^ = 82*0 ; * = 0*0975 ; fr=9*2 x 10~ u . 

It will be noticed tliat by the picrate method, dilutions varying 
from 54*6 to 613*5 could be employed, whereas Farmer and Warth’s 
dilutions were much smaller, varying from IQ'0 to 64*1. 

The author is again indebted to Dr. Senter for kind criticism. 

Fleet, Hants. 


VOL. XCVII. 
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XI.— 3 : 5-Dichloro-o-pkthalic Acid . 

By Arthur William Crossley and Gertrude Holland When. 

In a receui number of the Berichte (1909, 42, 3529), Villiger 
described the preparation of three of the four possible dichloro- 
o-phthalic acids (Cl : Cl, 3 : 6, 3:4, 4:5) by the direct chlorination 
of phthalic anhydride. Villiger points out (ibid., p. 3532) that a 
fourth isomeride was described by Crossley and Le Sueur in 1902 
(Trans., 81, 1533), and regards the acid as 3 : 5-dichloro-o-phthalic 
acid, although “ its constitution has never been controlled," 

The acid described by Crossley and Le Sueur was prepared by 
the direct oxidation with dilute nitric acid of a substance believed 
to be 3 : 5-dichloro-o-xylene. This chloro-derivative (III) was ob- 
tained as a by-product in the action of phosphorus pentachloride on 

CMe ^H^Cc!> CH 

CD (II.) 

CMe<™>CH. 

(III.) 

dimethyldihydroresorcin (I) [the main product being 3 : 5-dichloro- 
1 : l-dimethylcyc/ohexadiene (II)], and this structure *vas assigned to 
it because there did not appear to be any reason to presume that, 
in the conversion of the hydroaromatic into the aromatic 
dichloro-derivative, the chlorine atoms would alter their positions, 
Luring the reaction, however, a methyl group must have wandered, 
and this was shown to have migrated to the ortho-position, because 
on oxidation an acid was obtained which readily gave an anhydride, 
and also the fluorescein reaction. Villiger is right in saying that, at 
that time (1902), the constitution of the dichloro-acid had not been 
controlled either by an analytical or a synthetical method, but this 
check on the constitution has since been recorded. 

In 1904 (Trans., 85, 284) Crossley showed that the dichloro-o- 
xylene, obtained from dimethyldihydroresorcin, gave, on treatment 
with a nitrating mixture, a dichlorodinitro-o-xylene melting at 
17 j 176°, and in 1909 (Trans., 95, 205) Crossley and Renouf 
showed that this same dichlorodinitro-o-xylene could be obtained 
ftom 3 . 5-(or 4 . 6 )dinitro o-xylene by reducing the two nitro-groups 
to amino-groups, replacing the latter by chlorine atoms, and nitrating 
the dichloro-o-xylene so obtained. This series of reactions obviously 
proved that the dichloroxylene obtained from dimethyldihydro- 
resorcin is identical with that prepared by replacing the nitro-groups 
in 3 ; o-diuitro-o-xyjeue by chlorine atoms, and hence it must be 
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3 : 5-dichloro-o-xylene. . The properties of the two specimens of 
dichloro-o-xylene were not, however, carefully compared, nor was the 
dichloroxylene, obtained from 3 : 5-dinitro-o-xylene, oxidised to the 
corresponding phthalic acid, but this has now been completed under 
similar conditions to those previously described, and the results are 
given in the following table : < 


From dimethyl* From 3 : 5-di* 

dihydrort’sorciu. nitro-o- xylene. 

Dichloroxylene Yellow, refractive liquid ; Yellow, refractive liquid ; 

slight aromatic odour, slight aromatic odour. 

B. p. 226°, in. p. 3 — 4°. B. p. 226°, m. p. 5 — V. 

Dichlorodinitroxylene M. p. 175 -170°. M. p. 176°. 

Dichlorophthalic acid M. p. 164° (previous soft- M. p. 164° (previous soft- 
ening) with evolution ening) with evolution 

of gas. of gas. 

Dichlorophthalic anhydride M. p. 89°. M. p. 89°. 

Diclilorophthalanil M. p. 150 — 15Q‘5°. M. p. 150°. 


In all cases the above melting points of the ttfo corresponding 
series of substances were checked by the mixed melting-point 
method. 

This direct synthesis of 3 : 5-dichloro-o-phtkalic acid proves beyond 
doubt the correctness of the conclusions as to the constitution of the 
acid obtained by Crossley and Le Sueur from dimethyldihydro- 
resorcin. 

Research Laboratory, Pharmaceutical Society, 

17, Bloomsbury Square, W.C. 


XII . — The Constituents of Colocynth. 

By Frederick Belding Power and Charles Watson Moore. 

Under the title of 11 Colocynth ” the various national Pharmacopoeias 
recognise the dried, peeled fruit, or the dried pulp of the fruit, of 
Citrullus Colocynthis , Schrader. Although this fruit has been used 
medicinally for a very long period, and has been the subject of several 
investigations, no complete chemical examination has hitherto been 
made of it, and the various products described iu the literature as 
having been obtained therefrom were either amorphous or of an 
indefinite nature. It was recorded, for example, many years ago by 
Walz (JY. Jakrb . Pharm 1858, 9, 16, 225; 1861, 16, 10) that 
■colocynth contains a bitter glucoside, designated colocynthin," which, 
although usually forming a yellow, amorphous mass, could be obtained 
in a crystalline state by the slow evaporation of its alcoholic solution. 

H 2 
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This so-called eolocynthin, to which the formula C 5 qH 84 0 ?3 was 
assigned, was stated to yield, on heating with dilute acids, dextrose 
and “colocynthein,” the latter having been described as an amorphous 
resin. The same investigator noted the occurrence of a tasteless, 
crystalline substance, designated « colocynthitip ” which was found to 
be insoluble in water and cold absolute alcohol, but soluble in boiling 
alcohol and ether, although its characters do not appear to have been 
further determined. Henke (Arch. Pharm., 1883, 221, 200) could 
obtain a product corresponding with eolocynthin only in the form of 
a yellow, amorphous powder, and was unable to confirm the state- 
ment respecting its glucosidic character. Johannson (Zeiisch. anal. 
Ckem. f 1885, 24, 154) has stated that “ eolocynthin, when heated 
with dilute sulphuric aeid, yields colocynthein, elaterin, and bryonm,” 
and he recorded some colour reactions which were supposed to 
differentiate these products. 

Naylor and Chappel (Pharm. 1907, [iv], 25, 117), in a paper 
entitled: “On Cucumis trigonus, Roxb., and Colocynthin," have com- 
pared a product obtained by them from the fruit of the above-mentioned 
species of Cucumis, indigenous to India, with the so-called “ eolocyn- 
thin ” obtained from colocynth by Henke's method and by a 
modification of the latter. It is stated that whilst the product 
obtained from either the Indian fruit or from colocynth by Henke's 
process was amorphous, “that resulting from the modified process 
was most largely deposited on spontaneous evaporation of its solvent 
in pale yellow needles." They were thus led to conclude, in the first 
place, that “eolocynthin prepared from Citrallus Golocynthis maybe 
obtained in a crystalline state, despite the failure of Henke and of 
Wagner to induce it to assume a crystalline form"; secondly, that 
notwithstanding the doubts cast by Henke upon its decomposition by 
acids into colocynthein and a sugar, their results on the contrary 
confirm 5 those of Johannson ( loc . cit.), that eolocynthin is capable of 
hydrolysis, and that it yields, amongst other products, colocynthein 
and elaterin, to which they may add — and a sugar, dextrose. The 
same authors furthermore state that “colocynth contains a white, 
crystalline body, agreeing in its general characters with the colocyn- 
thetin (colocynlkitin) of Walz." There is, however, no evidence that 
any of the products prepared and examined by Naylor and Chappel 
were pure or homogeneous substances, and their comparison of them 
was chiefly restricted to certain colour reactions which are by no 
means characteristic of the substances they are supposed to identify. 
On the other hand, it may quite safely be assumed that the products 
referred to were very indefinite mixtures. 

Tbe present investigation has shown that colocynth contains a 
considerable .amount of a-elaterin (Trans., 1909, 95, 1989), which 
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is present in the free , state, together with other compounds which 
have not previously been isolated. A complete summary of the results 
now obtained, with the deductions from them, is given at the end of 
this paper. 

Experimental. 

The material employed in this investigation was Turkish colocynth, 
consisting of the driecl, peeled fruit of Cilrullus Coloeynthis, Schrader. 
The original weight of this material was 105 kilograms. After 
separating as completely as possible the seeds from the pulp, the 
latter was found to weigh 25*6 kilograms, or 24*4 per cent, of the 
whole. The seeds amounted to 79*3 kilograms, thus representing 
75*5 per cent, of the weight of the entire peeled fruit. 

A small portion (10 grams) of the above-mentioned pulp was 
subjected to tbe test for an alkaloid, when reactions were obtained 
indicating’the presence of an appreciable amount of such a substance. 

A further portion (20 grams) of the ground pulp was extracted 
successively in a Soxhlet apparatus with various solvents, when the 
following amounts of extract, dried at 100°, were obtained. 

Petroleum. (b. p. 35—50°) extracted 0 33 gram = 1*65 per cent. 


Ether ,, 1*75 ,, = 8*75 „ 

Chloroform „ 1*06 „ = 5 30 ,, 

Ethyl acetate ,, 0*61 „ = 3*05 „ 

Alcohol „ 0*92 „ =4*60 „ 

Total 4*67 grams =23*35 per cent. 


For the purpose of a complete examination, 24*6 kilograms of The 
ground colocynth pulp were completely extracted with hot alcohol. 
After the removal of the greater portion of the alcohol, a viscid, dark- 
coloured extract was obtained, amounting to 6*63 kilograms. 

Distillat ion of the Extract with Steam. 

A quantity (2 kilograms) of the above-mentioned extract, represent- 
ing 7*42 kilograms of the pulp, was mixed with water, and steam 
passed through the mixture for several hours. Tho distillate, 
which amounted to 4 litres, contained some drops of oil floating on 
the surface. It was extracted with ether, the ethereal liquid being 
washed, dried, and the solvent removed, when a small quantity of au 
essential oil was obtained. This was a pale yellow liquid, which 
possessed a characteristic odour, and, after some time, deposited a 
small amount of a crystalline substance. The amount of this oil 
was, however, too small to permit of its further investigation. 
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Non-volatile Constituents of the Extract. 

After the distillation of the extract with steam, as described above, 
there remained in the distillation flask a dark-coloured, aqueous liquid 
(A) and a quantity of a brown resin (B). The latter was collected and 
repeatedly washed with water until nothing further was removed, the 
washings being added to the above mentioned aqueous liquid. 

Examination of the Aqueous Liquid (A), 

Isolation of a New Dihydric Alcohol , Citrullol, C 22 H 36 0 2 (0H) 2 . 

The aqueous liquid (A), which amounted to 6*5 litres, was repeatedly 
extracted with ether, and the ethereal extracts united, after which a 
quantity of a colourless, sparingly soluble substance which accompanied 
them was separated by filtration. 

This substance was almost insoluble in all the ordinary solvents, 
and appears to have been contained in the aqueous liquid in a 
colloidal form. It was, however, readily soluble in hot pyridine, from 
which it crystallised in glistening plates, melting and decomposing at 
285 — 290°. The quantity so obtained was O’ 9 gram : 

0*1253 gave 0*3310 C0 2 and 01 192 ILO. C = 72*Oj H=10*6. 
C 22 H 38 0 4 requires C = 721 ; H = 10*4 per cent. 

This substance, when dissolved in chloroform with a little acetic 
anhydride, gave on the addition of a few drops of concentrated 
sulphuric acid a series of colour reactions similar to those produced by 
ipuranol, C 2S H 38 0 2 (0H , ) 2 (Trans., 1909, 95, 249), and it appears, 
in fact, to be a lower bomologue of the latter. As it does not agree 
in its properties with any substance of the above formula which has 
hitherto been described, it is proposed to designate it citrullol , with 
reference to the generic name of the plant from which it has been 
obtained. 

It was ascertained that citrullol exhibits no physiological activity 
when administered to a dog in doses of 0*05 gram. 

Diacetyl cilrullol, C 22 H ge 0 4 (C0*CH 3 ) 2 . — This was obtained by heating 
citrullol with acetic anhydride, from which it separated in glistening 
needles, melting at 167° : 

0*1330 gave 0*3378 CO, and 0*1098 H 2 0. C * 69*3 ; H-9‘2. 

C 26 H 42 0, requires C - 69*3 ; H = 9*3 per cent. 

The ethereal liquid from which the citrullol had been separated by 
filtration, as above described, was subsequently evaporated, but it 
yielded only a rosinous product from which nothing definite could be 
isolated. 
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Isolation of an Alkaloidal Principle. 

The aqueous liquid, which had previously been extracted with ether, 
was treated with a solution of basic lead acetate. This produced a 
voluminous, yellow precipitate, which was collected, washed, and then 
suspended in water and decomposed by hydrogen sulphide. On 
filtering the mixture a liquid was obtained which, after acidifying with 
hydrochloric acid, responded to the ordinary alkaloid reagents. It was 
rendered alkaline by means of ammonia, and extracted many times 
with chloroform. The chloroform extracts were united and repeatedly 
shaken with dilute (10 per cent.) hydrochloric acid. The acid liquids 
were at once brought into a solution of ammonia, and the precipitated 
baso extracted by means of chloroform. On the evaporation of the 
solvent there was obtained a small amount (about 5 grams) of a light 
brown product, which was resinous in character, very weakly basic, 
and possessed an extremely bitter taste. It dissolved sparingly 
in dilute acids, and was precipitated from its solutions by the usual 
alkaloid reagents, including tannin. Neither the free base nor its 
salts could be obtained in a crystalline condition. On warming the 
base with alkali hydroxides it dissolved, and, on prolonged boiling, 
ammonia was evolved. When heated with 20 per cent, hydrochloric 
acid it yielded ammonia and pyridine, the latter having been identified 
by its odour, and by the formation of its platinochloride. 

The basic principle was not glucqsidic, as no sugar was formed on 
boiling its acid solutions. It represents one of the physiologically 
active constituents of colocynth, as doses of 0'1 gram administered to 
dogs produced very drastic purgation. 

The filtrate from the above-mentioned basic lead acetate precipitate 
was treated with hydrogen sulphide for the removal of the excess of 
lead, and the filtered liquid concentrated under diminished pressure to 
a small volume. It was then treated with a large volume of strong 
alcohol, which effected the precipitation of a quantity of inorganic 
salts, consisting chiefly of the chloride, sulphate, and nitrate of 
potassium, together with a little sugar. The latter yielded d-phenyl- 
glucosazone, melting at 208 — 210°. The clear alcoholic liquid was 
decanted from the precipitated material, mixed with purified sawdust, 
and the thoroughly dried mixture extracted in a Soxhlet apparatus 
with chloroform. This removed a small quantity of a brown syrup, 
which, on hydrolysis, yielded a sugar which readily reduced Folding's 
solution, and from which d-phenylglucosazone, melting at 208 — 210°, 
was prepared. It is therefore evident that the aqueous liquid con- 
tained a very small amount of a glncosidic substance, but this could 
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not be obtained in a form which would permit of its being, more 
definitely characterised. 

Examination of the Resin (B), 

Isolation of a-Elaterin, 

This resin was a brown solid, which softened below 100°, and 
amounted to 675 grams. It was digested with about 2 litres of strong 
alcohol, in which it only partly dissolved, The undissolved portion 
was collected, washed first with alcohol, and then with ether, when it 
was obtained in small, colourless crystals, melting and decomposing at 
227— 230 u . On recrystallising this product from alcohol, it formed 
small, glistening, hexagonal prisms, melting and decomposing at 232' J 
The amount of crystalline substance thus obtained was 80 grams, 
corresponding with about 1 08 per cent, of the weight of colocynth 
pulp employed : 

0*1446 gave 0*3655 C0 2 and 0T060 H 2 0. C = 68*9 ; H = 8*1. 
C on H 23 0 3 requires C = 68*9 ; H = 80 percent. 
c“ 4 H 34 0 6 » C = 68*9 ; H~ 8*0 „ „ 

OggHggOj „ C = 69-1 ;H- 7*8 „ „ 

This substance agrees in crystalline form, melting point, and solu. 
bility, and in all its chemical properties with u-elaterin, as previously 
described by us (Trans., 1909, 95, 1989). Its empirical formula 
cannot yet be considered definitely established. 

A determination of its specific rotatory power gave the following 
result : 

0*3121, made up to 20 c.c. with chloroform, gave a D - 2°9 ; in a 2-dom, 
tube, whence [<*] D - 68’9°. 

The alcoholic solution of the resin (B), from which the a-elafcerin 
had been separated by filtration as above described, together with the 
alcoholic and ethereal washings from the latter, was mixed with puri- 
fied sawdust, the thoroughly dried mixture being then successively 
extracted in a Soxhlet apparatus with light petroleum (b. p. 35— 50°), 
ether, chloroform, ethyl acetate, and alcohol. 

Petroleum Extract of the Resin (B). 

Isolation of Ilentriacontane , C 31 H 64 , and a Phytosterol f C 2? H 46 0, 

This extract was a dark green, waxy solid, and amounted to 
34 grams. It was dissolved in ether, the ethereal solution being 
successively shaken with dilute aqueous sodium carbonate and sodium 
hydroxide, waich, however, removed nothing. The ether was accord* 
ingly evaporated, and the residue hydrolysed by boiling with an 
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alcoholic solution of potassium hydroxide, after which the alcohol was 
removed, water added, and the alkaline solution of potassium salts 
extracted with ether. The ethereal liquid was washed, dried, and the 
solvent removed, when a small quantity of a crystalline product was 
obtained. This was dissolved in 250 c.c. of absolute alcohol, and the 
solution kept for some hours, when a small quantity of an almost 
colourless substance separated. This was collected and washed with 
cold alcohol, after which it was distilled under diminished pressure. 
The distillate, which rapidly solidified, was crystallised from ethyl 
acetate, when small, glistening, colourless leaflets, melting at 68°, 
were obtained : 

0-1344 gave 0 4176 C0 2 and 0T824 H 2 0. C = 84-7; H = 15 0. 

C 31 H 64 requires 0 = 85-3 ; H = 14“7 per cent. 

The substance was thus identified as hentriacontane. 

The alcoholic solution from which the hentriacontane had been 
removed by filtration was concentrated to a small volume and diluted 
with water, when a quantity of a crystalline substance separated. 
This was collected and washed with a little ethyl acetate, after which 
it was distilled under diminished pressure. The distillate was crystal- 
lised from a mixture of dilute alcohol and ethyl acetate, when it 
formed colourless, glistening leaflets, melting at 160 — 162°. The 
amount of substance so obtained was T3 grams : 

0 2205, heated at 115°, lost 0 0104 H 2 0. H 2 0 = 4*7. 

0 1493 gave 0*4560 C0 2 and 0T590 H 2 0. C = 83*3 ; H = ll-8. 
C 37 H 46 0,H 2 0 requires H 2 0 = 45 per cent. 

C 27 H 46 0 requires C =* 83-9 ; H = 1T9 per cent. 

This substance thus agrees in composition with a phytosterol, and 
it yielded the colour reactions of this class of compounds. It was 
found to be optically inactive, and in this respect appears to differ 
from any of the phytosterols which have hitherto been recorded. 
The acetyl derivative, when crystallised from acetic anhydride* 
separated in glistening plates, melting at 175 — 177°. 

Examination of the Fatty Acids. 

The aqueous, alkaline solution of potassium salts, from which the 
hentriacontaue and phytosterol had been removed by extraction with 
ether, was acidified and again extracted with ether. The ethereal 
solution was washed, dried, and the solvent removed, when a quantity 
(12 grams) of fatty acids was obtained which, when distilled under 
diminished pressure, passed over between 220° and 250°/15 mm. Ten 
grams of the mixed acids were converted into their lead salts, and 
the latter digested with ether, when the greater portion dissolved. 
Both the soluble and insoluble portions were decomposed by hydro^ 
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chloric acid, and the regenerated fatty acids purified by distillation 
under diminished pressure, The soluble portion of the lead salts 
yielded 8 grams of liquid acids, whilst the insoluble portion gave 1*§ 
grams of solid acids. 

The Liquid Acids , — These acids, when distilled under diminished 
pressure, passed over between 225° and 235°/ 15 mm. An analysis and 
a determination of tho iodine value gave the following results : 

0*1406 gave 0*3964 C0 2 and 0*1460 H 2 0. C = 76*9 ; H = ll*5. 

0*5625 absorbed 0*8346 iodine. Iodine value = 148*4. 

0 1S H 34 0., requires C = 76*6;H=12*1 per cent. Iodine value = 90*1. 
C 13 H 32 0 2 „ C = 77‘l;H=114 „ „ Iodine value = 181*4, 

In order to obtain more definite information respecting the nature 
of the above mixture, a quantity of it was oxidised according to the 
method described by Levvkowitsch ( Chemical Technology and Analysis 
of Oils, Fats, and Waxes, 1904, Vol. I., p. 360). This resulted in 
the formation of dihydroxystearic acid (m. p. 125 — 127°) and fcefcra- 
hydroxystearic acid (m. p. 157 — 160°), the latter in predominating 
amount. 

It may thus be concluded that the liquid acids consisted chiefly of a 
mixture of oleic and linolic acids, the latter predominating. 

The Solid Acids . — These acids melted at 56 — 58°, and, on analysis, 
gave the following result : 

0*1430 gave 0*3955 C0 2 and 0-1636 H 2 0. C = 75*4; H = 12*7. 

C I6 H S2 0 2 requires C = 75*0; H = 12*5 per cent. 

C 18 H/ 6 0 2 „ O- 76*1 ;H« 12*7 „ „ 

By repeated crystallisation from acetic acid a small amount of an 
acid melting at 68—69° was obtained, from which a silver salt was 
prepared and analysed: 

0 2118 gave 0*0576 Ag. Ag = 27*2. 

C 18 H 3f> 0 2 Ag requires Ag=- 27*6 per cent. 

From the above results it is evident that the solid acids consisted of 
a mixture of palmitic and stearic acids. 


Ether and Chloroform Extracts of the Resin (B), 

These extracts amounted to 169 and 180 grams respectively. They 
were light-coloured resins, and, with the exception of about 10 grams 
of a-elaterin and a little of the previously-mentioned citrullol, nothing 
definite could be isolated from them. When heated with a solution of 
sulphuric acid in dilute alcohol they yielded no sugar, and therefore 
contained nothing glucosidic. 

Both of tho above-mentioned extracts were found to possess a 
very marked cathartic action, which was doubtless due in part to 
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the presence of small quantities of the previously described alkaloidal 
principle 1 , as about 3 grams of the latter were obtained from them. 
The activity of the extracts was, however, not appreciably diminished 
by the complete removal of the alkaloidal principle, as they then 
produced drastic purgation when administered to dogs in doses of 0*1 
gram. 

Ethyl Acetate and Alcohol Extracts of the Resin (B). 

These extracts were brown resins, amounting to 85 and 100 grams 
respectively, and nothing definite could be isolated from them. They 
were not glucosidic, and possessed no purgative action. 

Examination of Colocynth Seeds, 

The material required for the proceeding investigation of the pulp of 
colocynth fruit having rendered available a large quantity of the seeds, 
it appeared desirable to examine the latter with respect to their more 
important constituents. 

A small portion (10 grams) of the crushed seed was tested for the 
presence of an alkaloid by treatment with Prelims’ s fluid, when distinct 
reactions were obtained with the usual reagents. These reactions 
were probably due to the presence of a very small amount of the 
same alkaloidal principle as that contained in the pulp of the fruit. 

Separation of an Enzyme. 

A quantity (2 kilograms) of the crushed seed was extracted by 
percolation with cold light petroleum for the removal of the fatty 
oil, after which the material was mixed with cold water and the 
mixture kept for several hours. The aqueous liquid was then 
expressed and filtered, and to it a quantity of strong alcohol was 
added. *A voluminous, light-coloured precipitate was thus produced, 
which was collected, washed with a little alcohol, and dried in a 
desiccator. The product so obtained amounted to 10 grams, and, 
although containing a large proportion of inorganic material, it 
readily hydrolysed /?-gl ucosides. 

The Fatty Oil. 

The amount of fatty oil contained in the seed, as determined by the 
extraction of 50 grams of the ground material in a Soxhlet apparatus 
with light petroleum (b. p. 35 — 50°), was 12*72 per cent. 

The oil obtained was a clear pale yellow liquid, which was devoid 
of optical activity. A determination of its constants gave the 
following results : speciflc gravity, 20°/20° = 0*9273 j acid value, 2*6 ; 
saponification value, 186*7 ; iodine value, 126’ 6. 
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Hydrolysis of the Fatty Oil Isolation of a Phytosterol t C 20 H 34 O. 

A quantity (150 grams) of the oil was hydrolysed by boiling with 
alcoholic potassium hydroxide, the alcohol removed, water added, and 
the alkaline solution of potassium salts extracted with ether. The 
ethereal liquid was washed, dried, and tho solvent removed, when a 
small quantity of a crystalline substance was obtained. This was 
distilled under diminished pressure, after which it was crystallised 
from a mixture of dilute alcohol and ethyl acetate, when it separated 
in colourless, glistening plates, melting at 158—160°. The amount 
of substance so obtained was 0*3 gram : 

0 1700 gave 0-5154 CO* and 0 1724 H s O. 0 = 827 ; H = 113. 

C 20 H g4 O requires O = 82*8 ; H = 11 7 per <. ent. 

This substance was evidently a phytosterol, and it yielded the 
colour reactions of this class of compounds. A determination of its 
specific rotatory power gave the following result : . 

0*2473, made up to 20 c.c. with chloroform, gave a 0 +0°12' in a 
2-dcm. tube, whence [a],> +8*1° 

The acetyl derivative, when crystallised from acetic anhydride, 
separated in glistening plates, melting at 1C 7 — 170°. 

The Fatty Acids. 

The alkaline solution of potassium salts, which had been extracted 
with ether as above described, was acidified and again extracted with 
ether, the ethereal solution being washed, dried, and the solvent 
removed. The fatty acids thus obtained amounted to 87 per cent, of 
the weight of the oil. When distilled under diminished pressure, 
they passed over between 240° and 245°/15 mm. as a viscous liquid, 
which solidified on cooling to a soft, nearly colourless mass. A 
determination of the constants of the total acids gave the following 
results : 

Melting point (complete fusion), 29 ‘5 — 32°; specific gravity, 
50°/50° = 0*8910; neutralisation value, 195*6 ; iodine value 131*1. 

These constants, both for the fatty oil and the total acids obtained 
therefrom, are in fairly close agreement with those recently recorded 
by Grimaldi and Prussia (Chem. Zeit 1909, 33, 1239). The last- 
mentioned investigators had, however, extracted the colocyntli seeds 
by means of carbon tetrachloride, and describe the oil as having a 
reddish-yellow colour with a slight green fluorescence. 

Summary. 

The results of the preceding investig ition may bo summarised as 
follows : 
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The material employed consisted of the dried, peeled fruit of 
(Jitrullw Colocynthis , Schrader. The pulp of the fruit, deprived of 
its seeds, represented 24- 4 per cent, of the whole. 

On extracting the pulp with alcohol, and subjecting the resulting 
extract to distillation with steam, a very small amount of a pale 
yellow essential oil was obtained. From the portion of the extract 
which was soluble in water, the following substances were isolated : 
(i) A new dihydric alcohol, C 22 H 36 0 2 (0H) 2 (m. p. 285 — 290°), 
designated as citrullol, which is apparently a lower homologue of 
ipuranol, and yields a diacetyl derivative melting at 167°. (ii) An 
amorphous, alkaloidal principle, which is a very weak base, and from 
which no crystalline derivative could be prepared ; it possesses an 
extremely bitter taste, and represents one of the purgative principles 
of the fruit. The aqueous liquid from which the above-mentioned 
substances were isolated contained, furthermore, a quantity of in- 
organic salts, a little sugar, and a very small amount of an amorphous, 
glucosidic substance. 

The portion of the alcoholic extract which was insoluble in water 
consisted chiefly of resinous material, from which, however, a quantity 
of a-elaterin (m, p. 232°; [a] D - 68*9°) was isolated (compare Trans., 
1909, 95, 1989), After the separation of the latter substance, 
the resin was extracted with various solvents, when it yielded a small 
amount of bentriacontane, C 31 H fi4 (m. p. 68°); a phytosterol, C 2 »H 4fi O 
(m. p. 160 — 162°, optically inactive); a mixture of fatty acids, and a 
further quantity of a-elaterin, together with a little of the above- 
described alkaloidal principle. None of the extracts from the resin 
were glucosidic. The ether and chloroform extracts possessed marked 
purgative properties, even after the complete removal of the active 
alkaloidal principle. 

The seeds of the colocynth, which represented 75 ‘5 per cent, of the 
entire peeled fruit, were found to contain traces of an alkaloidal 
principle, a small amount of an enzyme which hydrolyses /3-glucosides, 
and a quantity of fatty oil corresponding to 12’72 per cent, of the 
weight of the seed. The constants of the fatty oil, and of the total 
fatty acids obtained therefrom, were determined, and from the oil a 
small amount of a phytosterol, C t , 0 H 34 O, was isolated, which melted at 
158 — 160°, and had [a]r>+ 8 - l°. 

The results of the present research have established the fact that 
the so-called “colocynthin " and “ colocynthitin," as well as the 
other products obtained from colocynth by previous investigators to 
■which specific names have been attached, consisted of mixtures of a 
very indefinite character, and that the amount of glucosidic substance 
contained in the fruit is extremely small. On the other hand, it has 
now been ascertained that the purgative action of colocynth is due to 
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at least two principles, one of which is alkaloidal, although a very 
weak base, and apparently incapable of forming any crystalline salts, 
whilst the other source of activity is represented by some non-basic 
principle or principles contained in both the ether and chloroform 
extracts of the resin, All the attempts to obtain the last-mentioned 
active principle in a more definite form were, however, unsuccessful. 
No evidence could be obtained of the presence in colocynth of 
/?-eIaterin, which constitutes the physiologically active constituent of 
the fruit of EcbaUium Elaterium. ■ 

In conclusion, the authors desire to express their best thanks to 
Dr. H. H. Dale, Director of the Wellcome Physiological Research 
Laboratories, for having kindly conducted the numerous physiological 
tests involved in this investigation. 

The Wellcome Chemical Research Laboratories, 

London, E.C. 


XIII . — A Contribution to the Study of the Oxydases. 

By Ross Aiken Gortner, Ph.D. 

In 1883 Yoshida (Trans., 1883, 43, 472) discovered laccase, the 
first of the oxydases to be studied. Later Bertrand (Cornet, rtnd ., 
1896, 122, 1215) found that another variety of this class was 
present in various examples of the vegetable world, for example, 
potatoes, bulbs of the dahlia, various mushrooms, such as Russula 
nigricans , etc. This oxydase differed radically from laccase in that 
it lost its vitality at 65 — 70°, and was also able to oxidise aqueous 
solutions of tyrosine through various colour stages (from pink to 
rose, violet, and blue-black), ending by a deposition of a black, 
melanin-like substance, and leaving the supernatant liquid com- 
pletely decolorised. On account of this power of oxidising tyrosine, 
Bertrand gave the name tyrosinase to the oxydase. 

Many authors * have since that time reviewed and extended the 

Biedcrmann {Pjlilgers Arckiv , 1898, 72 , 152) ; Biedennann and Moritz {ibid, 
1899,75, 43); Gosanl {Ann. List. Pasteur, 1901, 15 , 593; Compt. rend., 1953, 
136 , 631 ; 1903, 138, 774; Compt. rend. Soc. Biol., 1902, 54 , 1304, 1398); 
v. Fiirth and Schneider {Beitr. Chan. Physwl. Path., 1901, 1, 229) ; Durham {Pm. 
Roy. Soc., 1904, 74 , 310); Wilcoek (/. Physiol, 1906, 34 , 207); Bouduoy [Tm. 
Set Univ. Remus, 1903, 2, 281 ; 1905, 4 , 67); Gautier {ibid., 1905, 4 , 287); 
■\\eimil (Arch. Ent’mcch., 1907, 23 , 632) ; Bertrand and Rosenblatt ( Compt. rend, 
1908, 146 , 304); AbdeHialden and Guggenheim [Zeitsch. physiol Chem., 1908,54, 
337); W.ilff {Vomyt. rend., 1909, 148 , 500; 149 , 467); Bach {Ber., 1909, 42 , 
594 ; Biochem. taitr., 1909, 9 , 1, 73); Kocqucs {Compt. rend., 1909, 149 , 418). 
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original work, so much so that tyrosinases have been found to be 
very "widely distributed in nature, and to occur not only in many 
plants, but also in numerous animal bodies. 

By far the greater portion of the European work has been done 
with the glycerol extracts of Russula nigricans (Bertrand, loc, cit.), 
Russula queletin (Bertrand and Rosenblatt, loc . cit . ), Russula 
delica (Wolff, Compt. rend., 1909, 148, 500), Russula noirdssant 
(Bertrand, Ann. Inst. Pasteup 1908, 22, 381), etc., but the 
occurrence of tyrosinase has been demonstrated in the ink sac of the 
squid (Przibram, cited by v. Fiirth, Vergleichende chemische 
Physiologic derniederen Tiere , Jena, 1903, p, 372; Gessard, Compt. 
rend., 1903, 136, 631), in the hameolymph of various insects 
(v. Etirth and Schneider, loc. cit.), in wheat bran (Bertrand and 
Mutermilch, Ann. Inst. Pasteur , 1907, 21, 833), in the intestinal 
fluid of meal worms ( Tenebro molitor) (Biedermann, loc. cit.), 
in molluscs (Biedermann and Moritz, loc. cit.), in gum arable and 
mistletoe (Bonduoy, loc. cit.), and in plants which blacken during 
the process of drying (Gautier, loc. cit.), etc,, etc. 

Miss Durham (loc. cit.) states that she obtained evidence of the 
presence of tyrosinase in the skins of foetal and newly-born guinea 
pigs and rabbits of black or agouti origin. Inasmuch as her results 
depended on the addition of a milligram of ferrous sulphate as 
an “ activator ” (no darkening occurring in a tube containing 
“juices 5 ’ and tyrosine but no ferrous sulphate), and, as will be 
shown later in this paper, a milligram of ferrous sulphate inhibits 
coloration almost completely — also since her “ tyrosinase ” (obtained 
from red guinea pigs) is the only known example of a tyrosine 
oxidising ferment which oxidises only to the orange stage (all 
others progressing to black), and lastly, since the pigment-like 
substances described in her work “ are readily soluble in alkalis,” 
unlike those produced by v. Fiirth and Schneider (loc. cit.), and 
also by the author from the interaction of tyrosine and tyrosinase, 
these substances being found to be insoluble even in hot dilute 
sodium hydroxide or ammonia, it is apparent that her '‘‘tyrosin- 
ase reaction, if not due to some section of the ferrous sulphate, 
is certainly due to an agent altogether distinct from that named 
by Bertrand “ tyrosinase.” The author has made several attempts 
to confirm her results, but has as yet obtained no trace of 
coloration induced by an oxydase. 

In all the literature cited, the tyrosinase was that obtained by 
extracting with either glycerol or chloroform-water. Gessard 
(Ann. Inst. Pasteur, 1901, 15, G01) states that the extract may 
be made with either chloroform- water or glycerol, but that the 
gljcerol extract keeps best, aud has uo effect on the results. 
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The source of the tyrosinase in the experiments described in 
this paper varied somewhat, but the major portion of the wort 
is devoted to the description of a new variety of this ferment, 
which is distinguished by absolute insolubility in water, the activity 
of which is destroyed by glycerol, by alcohol and ether, or by 
drying at room temperature ; further, it does not oxidise resorcinol, 
orcinol (Wolff, loc. cit . ), pyramidone (Bonduoy, loc. cit.) } or quinol, 
thus in most of these reactions differing radically from the known 
tyrosinases. 

Experimental. 

Tyrosinase in the Intestinal Fluid of the Meal Worm (Tenebro 
molitor). 

Biedermann (loc. cit.) in 1898 made a detailed study of the 
meal worm (Tenet) ro molitor ), and he states that “ the middle 
intestines of three or four hungry worms were triturated with 
chloroform-water. On allowing the yellow solution to stand over- 
night with tyrosine, a violet-black coloration was produced, whilst 
in a solution to which no tyrosine had been added only a slight 
darkening was observed.” 

In a repetition of tbe work, his results have been confirmed 
by the author, but it has also been found that the more perfectly 
tbe body solids were removed from the outer surface of the 
intestine the less rapidly did the coloration with tyrosine proceed, 
this being true for either hungry or well-fed larva. The body of 
the larva is filled with a white semi-solid folded in many con- 
volutions. If this solid is exposed to the air, it rapidly changes 
through slate to a dense grey-black, and, as will be shown later, 
it contains some soluble tyrosinase and a large amount of a new 
“ insoluble tyrosinase.” 

The intestinal juice, obtained by removing tbe intestine and 
cleansing it as completely as possible from the body-filling, then 
grinding with fine quartz in an agate mortar, triturating with 
chloroform-water, and filtering, does not colour appreciably in 
twenty-four hours, but later changes through violet to a dense 
black solution. The action of the fresh extract on tyrosine is 
Blow, but shows the presence of some small amounts of tbe 
oxydase j that the oxidising power is due to' incomplete removal 
of the body-filling and not to intestinal juices is the present belief 
of the author. 


Soluble Tyrosinase in the Body Filling of the Meal Worm . 

Twenty-seven grams of the larva were ground in a mortar with 
chloroform-water, and the milky liquid was strained through 
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'heese-clotti, The grinding of the residue was repeated until the 
strainings were no longer milky* and only the hulls of the larva 
remained in the cloth. 

The milky extract, if kept a short time in the air, rapidly 
larkens at the surface, but remains white where not in contact 
sith oxygen.'* _ 

The extract was poured into a thin filter paper, and kept, 
covered with a watch glass, until most of the liquid had filtered 
through, dropping on solid ammonium sulphate in excess of 
tfhat was required to produce a saturated solution, this process 
requiring some hours. In this manner the soluble tyrosinase 
a,nd the colloidal insoluble - tyrosinase, which passed through 
:he first filter, were precipitated together as a light grey, 
foluminous mass * This was collected, washed with saturated 
immonium sulphate solution, dissolved in distilled water and 
altered, reprecipitated with ammonium sulphate, washed with a 
saturated ammonium sulphate solution, and dissolved in 40 c.c. 

0*05 per cent, sodium carbonate solution, and filtered. The 
solution so obtained was light brownish-grey, and contained the 
soluble tyrosinase originally present in the larva. 0*5 c.c. por- 
tions of this solution were added to solutions of various reagents, 
with the results shown in table I. When the tyrosinase solution 
had been previously heated to 90°, no coloration appeared in any 
tube, excepting in that containing quinol, showing that perhaps 
two oxydases were present, tyrosinase being destroyed before 90°, 
and laccase perhaps surviving the short heating, tyrosinase being 
almost always accompanied by a laccase-like ferment (Bourquelot, 
Conypt. rend., 1896, 123, 315, 423). 

Table I. 

Action of Soluble Tyrosinase from Larva of Tenebro molitor. 


Total volume, Time, 

Tube. Kcagent. iu c.c. in hours. Results. 

1. — 3 72 Unchanged. 

2. Tyrosine 3 24 Violet-black and pre- 

cipitate. 

3. Tyrosine + 0 *001 gram 3 72 Unchanged. 

FeS0 4 . 

4. Quinol 3 24 Deep red. 

5. Phenol 3 4S Pink. 

6. jd-A mi nophenol 3 24 Biownisli-black. 

7. Guaiacol 3 24 Pink. 

8. Phloroglueinol 3 72 Unchanged. 

9. Resorcinol 3 72 „ 

10. Pyramidone 3 72 „ 


* If the filtered liquid is not precipitated, it very rapidly darkens and sooi 
becomes jet black. The black pigment may be salted out with ammonium sulphate 
ami appears as a lustrous, black, amorphous mass. It will be investigated later. 
VOL. XCVII. I 



114 GORTXER: A CONTRIBUTION TO THE 

When the precipitation of the filtrate is carried out by tbe 
addition of three volumes of alcohol instead of saturating with 
ammonium sulphate, a grey precipitate is obtained very similar in 
appearance to that produced by the ammonium sulphate, but 
when this precipitate is dissolved it shows no tyrosinase properties 
and only the laccase-like ferment can be found in the alcoholic 
mother liquor, showing that apparently alcohol is fatal to this 
variety of tyrosinase. 

Insoluble Tyrosinase. 

The residue left on the filter from the filtration of the extract of 
crushed larva (see above) was washed on the filter with chloroform, 
water during several days. The washing was considered complete 
when ' 10 c.c. of the liquid, which had been in contact with the 
solid (total volume — 60 c.c.) for sixteen hours, after being filtered 
through double “ barium ” filters, gave no coloration with tyrosine 
during twenty-four hours. 

The solid so obtained is a grey, flocculent mass, which, when 
dried at 65°, forms 4 to 5 per cent, of the original weight of the 
live larva. It contains from 1*0 to 15 per cent, of ash, consisting 
chiefly of iron oxide, and containing no manganese which could 
be detected by the usual tests. The drying process, however 
destroys all oxidising activity. 

The entire insoluble mass, naturally, cannot be called tyrosinase, 
as a large percentage of it must be other insoluble body products. 
The insoluble tyrosinase in this preparation is, however, very active. 
If the product is washed as above, it may be kept without 
diminution of activity for months in a tube containing enough 
chloroform and water (1CHC1 3 : 4H 2 0) to cover it completely. 
When a few drops of this suspension are added to an aqueous 
solution of tyrosine, the mixture undergoes a series of colour 
changes, ranging through pink, rose, violet, and blue-black to a 
deposition of a black, pigment-like substance, and leaving tlie 
supernatant liquid completely decolorised. The coloration usually 
begins in from two to four minutes after the addition of tyrosine, 
and the series of colour changes is complete in a few hours. If 
the colourless, supernatant liquid is then removed and more 
tyrosine solution added, the series of colour changes is repeated. 
This continual removal and addition of tyrosine solution has been 
carried out with one specimen of tyrosinase weighing approximately 
0 01 gram * for four days, during which the series of colour 
changes was repeated seven times. 

Where weights of “ insoluble tyrosinase used” are given, it means that an 
aliquot portion of the preparation was dried on a water-bath and weighed. The 
weights are therefore ouly an approximation. 
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That the entire series of colour changes is produced from contact 
jnfcli the insoluble portion and not by a zymogen acting in the 
presence of tyrosine to set free soluble tyrosinase, was proved by 
} he following experiment. '% 

A portion of insoluble .tyrosinase was added to a saturated 
iqueous solution of tyrosine. In a few minutes tbe solution had 
jecome pink, changing shortly to rose. One half of this solution 
vas now removed and filtlred twice through “ barium ” filters, 
ihe other half remaining in contact with the insoluble tyrosinase, 
[he tubes were then set aside in the dark. In a few hours the 
:ontents of the tube containing the insoluble tyrosinase and tyrosine 
lolution became changed, first violet, and finally colourless, with 
;he deposition of a black, pigment-like substance. The filtered 
jortion, on the other hand, remained an unchanged rose colour 
; or eighteen days, and was then discarded. 

That the tyrosinase was not present in still unruptured cells 
«f as proved by grinding the insoluble preparation in an agate 
nortar with fine quartz until no grit was precipitable. This was 
,hen triturated with water, and filtered. The filtered portion gave 
10 coloration with tyrosine in twenty-four hours, whilst the 
nsoluble residue was as active as it was before grinding. 

Not only does the insoluble preparation oxidise tyrosine easily, 
jut other phenolic compounds are also acted on to produce the 
leries of colour changes given in table II : 


Table II. 


Approximately O'Ol gram of insoluble tyrosinase ( + insoluble body 
products) was used in each test. Volume of 5 c.c. in eich.] ■ 


Tube. Reagent added. 


Colour series. 


1. — Colourless after 72 hours. 

2. Tyrosine Fink orange-rose Tose light red 

violet “V blue-black ->• insoluble 
black precipitate. 

3. Pyrogallol Colourless after 72 hours. 


4. Fhloroglucinol 
6. Resorcinol 

6. Quinol 

7. Pyramidone .. 

8. Orcinol 


9. 

10 . 
11 . 
12 . 
IS. 

14. 

15, 


p- Araiuobenzaldehy d e . . . 
jp-JNitrosobenzaldehyde ... 

Ethyl p-aroinobenzoate ... 

p-Aminophenol Brown -> reddish-brown precipitate. 

Guaiacol Orange-pink Ted -> brownish-red. 


Gam guaiacutn Rapidly blues. 

2 : 4-DiaudnopheQol * ... Pink ->• orange-pink ->■ orange-brown 
orange-red ■> deep red. 

An aqueous solution of 2 : 4-diaminophenol changes colour when exposed to the 
lr > but not nearly so rapidly as when insoluble tyrosinase has been added. 
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In order to test the effect of salts on the system tyrosine 
tyrosinase, O'OOl gram of various salts was. added to tu^es cod. 
taining approximately 0 01 gram of insoluble tyrosinase/ and 5 c.c, 
of a saturated aqueous solution, oft tyrosine, and the tubes 
kept for some time. ; % 

In those tubes to which had been added . potassium .Jiyamde, 
mercuric chloride, copper sulphate, uranyl chloride, and * ferrous 
sulphate, no coloration was observed uuring sixteen hours. The 
addition of manganous sulphate, potassium nitrite, barium chloride 
potassium oxalate, strychnine, or atropine had no effect on the 
progress of the coloration, whilst sodium arsenate, starch, and 
starch and potassium iodide had a marked effect in that . the rose 
coloration appeared more rapidly and remained much longer and 
deeper in colour than in the case of the untreated solution. 
portion treated with starch and potassium iodide became intense 
red,* whilst the untreated solution was only light pink. Warming 
the solution to 75° for a short time prevents all coloration when it 
is subsequently treated with tyrosine, starch, and potassium iodide. 


Action of Glycerol on Insoluble Tyrosinase, 

Various attempts were made to preserve the ferment in glycerol 
rather than in chloroform-water since Gcssard (loc, cit.) recom- 
mends this method, but in every instance the preparation was 
rendered inactive. In order further to test the effect of glycerol, 
the author « proceeded as follows. One gram of live larva was 
ground with chloroform-water and filtered through cheese-cloth 
To the filtrate (3 c.c.) was added two volumes of glycerol and 
solid tyrosine. No coloration appeared in twelve hours. The 
solution was then diluted with water to 36 c.c., and kept for a 
further period of twenty-four hours without a trace of coloration 
appearing \ a further dilution to 65 c.c. caused no change in 
seventy-two hours more. Without the addition of glycerol tie 
coloration proceeds very rapidly even in the absence of added 
tyrosine. Addition of glycerol t-o the washed insoluble tyrosinase 
and keeping the mixture for a few hours caused a total loss of 
the activity of the preparation even when subsequently washed 
free from glycerol. 


Occurrence of a Laccase-liJce Ferment in the Larva of 
Tenebro molitor. 

It was early noticed in the progress of this work that quinol was 
rapidly oxidised by the unwashed body-filling of the larva and 
* No iodine was liberated in 48 hours. 
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lot by the washed insoluble tyrosinase. If the washings are heated 
apidly to boiling, the resulting precipitate collected, and the 
i It rate evaporated at £0 — 40°, an oily solid is deposited 

vliich is very active in oxidising quinol, but does not affect tyrosine. 
This oxydasena much inyre resistant to heat than tyrosinase, and 
n ay be he^|ed at 100^ for some minutes without losing much of 
ts activity."- Prolonged heating, however, gradually causes it to 
ose its oxidising power. 

The Chromogen occurring in the Larva of Tenebro molitor.’ 

As has been previously stated, the body fluid of the meal worm, 
vhen exposed to the action of the air, rapidly darkens under the 
nfluence of the tyrosinase contained in it and oxygen, to form a 
lense, black solution. The formation of this coloration shows 
:hat a chromogen must be present in the body-filling of the larva, 
md attempts were made to isolate it. 

Five grams of the larva were ground with chloroform-water and 
iltered through cheese-cloth. The filtrate (150 c.c.) was warmed 
m a water-bath to 85° to dfistroy all tyrosinase and to coagulate 
he insoluble products, albumen, etc. After a few minutes’ beating, 
he mixture was filtered, and the filtrate precipitated with basic 
ead acetate, again filtered, and lead removed from the filtrate by 
lydrogen sulphide. The clear filtrate was evaporated to dryness 
m a water-bath. The product, so obtained, is a light yellow resin, 
completely soluble in 0'05 per cent, sodium carbonate ,(3 c.c!), 
jiving a yellow solution. When three drops of this solution are 
idded to water, containing insoluble tyrosinase (total vol. 2 c.c.), 
!> mixture is obtained giving identical colour changes to those 
obtained from a tyrosine solution, namely, pink, through rose, 
riolet, and blue-black, a black precipitate being finally formed. 
The amount of the chromogen so obtained was very small, but 
in attempt will be made to prepare larger quantities in the near 
future. From the evidence at hand, however, the chromogen 
appears to he either tyrosine or a closely allied compound. No 
joloration is produced by the addition of laccase. 

Occurrence of Tyrosinase in Other Animal Bodies. 

Two examples of myriopods, Scalopocryptops sexpinosa and 
Julius canadensis, Newp., were examined for the presence of 
tyrosinase, and in both instances an abundance of the ferment was 
found. The entire body was ground with sand in an agate mortar, 
extracted with chloroform-water, and filtered. This fluid was 

ivided into three parts, one containing no added material, one 
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tyrosine, and one phenol. In a few hours the portion contain^ 
tyrosine had changed through violet to blue-black, \gith the 
deposition of a black, melanin-like substance. The portion coj. 
taming phenol changed through orange to deep sepia, whilst the 
untreated tubes remained colourless. Boiling prevents ^ 
coloration. 

Tyrosinase was also found to be very abundant in the larva of 
Cucujus davipes* changing tyrosine solution through pink to rose, 
violet, blue-black to melanin, and phenol through rose to light red 
and crimson. 

Occurrence of a Quinol-oxidising Ferment in Vertebrate Animal 
Tissues. 

It has long been observed (Baumann and Preusse, Zeitsd, 
physiol. Ghent., 1879, 3, 156) that after the use of phenol fti 
urine assumes a dark colour on exposure to the air (the so-called 
“ carbolic urine ”), from which quinol, quinolsulphonic acid, and 
quinol-decomposition products may be isolated. The same 
coloration occurs after the administration of quinol. 

The author has observed that this coloration is not peculiar to 
the urine, but that extracts of practically all the tissues rapidly 
oxidise quinol to intensely coloured solutions. Among the animals 
investigated were young rats, mice, albino rats, kittens, chickens, 
etc., and in each instance a rapid oxidation was produced with 
extracts of the heart, liver, lungs, brain, kidneys, spleen, pancreas, 
testes, ovary, skeletal muscles, skin, and blood serum; in every 
case the coloration being most intense when blood serum was 
used. Long-continued boiling causes a gradual loss in oxidising 
power, although a very short heating seems to increase the activity. 

Different extracts gave different colorations in similar circum- 
stances, and these changes are shown in table III. The tissues 
were ground with sand, triturated with chloroform-water, and 
filtered. To the turbid filtrate, quinol was added, and tbe tube set 
aside in an oven at 40°. f 

No coloration was observed in any case in “blank” tubes, or 
in tubes treated with tyrosine or guaiacol. In all cases the final 
coloration obtained with quinol was either deep blood-red or 
reddish-brown verging on black. 

When quinol was injected subcutaneously in a kitten, and the 
animal killed after three to four hours, the post-mortem examina- 
tion showed a red circle under the skin where the injection was 

* Identified through the courtesy of Dr. A. D. Hopkins, of the Bureau of 
Entomology, The United States Department of Agriculture. 

+ The coloration is decidedly more rapid at 40 ° than at room temperature. 
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Table III. 


Tube. 

Organ. 

Origin! 

Time, 
in hours. 

1. 

Skin 

Young rat . 

Albino rat . 

12 

2. 

e ,, 

24 

3. 

j, 

24 

4. 

.. : 

„ •• 

24 

5. 

Spleen 

Jt i) ” 

24 

6. 

Kidney 


24 

7, 

Pancreas 


48 

8. 

Lungs 

,, () , 

48 

9. 

Liver 


48 

10. 

„ (boiled).., 


48 

11. 

Testes 

M » 

48 

12. 

Muscle 

,, a 

48 

13. 

Brain 

Chicken 

48 

14. 

Bile 

16 

15. 



24 

16. 

Liver 


16 

17. 

Brain 

,, 

16 

18. 

Ovary 

,, 

16 

19. 

Blood serum ... 

t| 

16 

20. 

Pancreas 

, Grey rat 

16 

21. 

Spinal cord 

16 

22. 

Brain 

, , ..... 

16 


Result. 

Claret-coloured solution. 

Deep red solution. 

Brown solution (had been first 
heated to 100°). 

Red solution. 

Rose „ (after 48 hours, 
red). 

Rose solution. 


Light pink solution. 

Deep Ted ,, 

Pink 

Deep brown ,, 

Brown 

Black ,, 

Deep red ,, 

Reddish-brown solution 

Reddish -black „ 

Brownish black ,, 

Blight red ,, 

Dull reddish-brown solution. 


made. The remainder of the under surface of the skin and the 
flesh were normal in colour, but on exposure to the air the skin 
tissue and the muscles rapidly turned pink. The blood-serum also 
soon became depp red, although, when expressed from the clot, it 
was of normal colour. 


Occurrence of Lac case and Tyrosinase in the “ Indian Pipe ” 
(Monotrope uniflora). 

Gautier ( loc . cit.) found that many plants which blacken during 
the process of drying contain a tyrosine-oxidising ferment. The 
common Monotropa uni ft ora, of the north-eastern portion of the 
United States, presents this peculiarity, and an effort was made 
to discover whether or not this plant could be used as a source of 
tyrosinase. 

A chloroform-water extract of the crushed plants was pre- 
cipitated with five volumes of 95 per cent, alcohol. The violet- 
coloured precipitate so obtained was collected after twenty-four 
hours, and redissolved in 0’05 per cent, sodium carbonate solution. 
The solution was found to have some oxidising power, slowly 
oxidising tyrosine to a blue-black insoluble substance. The action 
on quinol was very rapid, however, the solution becoming deep 
red. Boiling destroyed the power of oxidising tyrosine, but not 
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the power of oxidising quinol, showin^te^ major portion of 
the oxydase is evidently lacease. Tidcture^f ginn » 

rapidly turned blue, whilst guaiacol is turned pmk|^^ct.on 

of the solution. jfe , 

If the fresh plants are crushed with three' jfe by Weight of 
elvcerol, and the mixture kept for eighteen hours and then Jeered 
by the aid of the pump, a clear, greenish-bliie solution is obtained, 
which, after a long time, becomes an intense bluish-black. % 
Two drops of this filtrate almost instantly turns tincture of gum 
guaiacum blue, and oxidises tyrosine, which changes colour through 
pink to rose, violet, and finally blue-black. Quinol exhibits, under 
its influence, colour changes from orange to Ijrpwn, deep reddish- 
brown, and finally intense red. When the solution of the oxydase 
has previously been warmed to 80°, it is without effect on tyibsine 
solution. From these data, it is evident that both tyrosinase and 
laccase are present in the plant, but the quantity of tyrosine is 
small compared with that found in certain of the Russula. 


Summary. 

1. A new variety of tyrosinase has been discovered and investi- 
gated. 4 ^ 

2. This variety is distinguished from the known tyrosinases by 
its insolubility in water, its loss of vitality in glycerol solutions 
and on drying, and by its inability to oxidise resorcinol, orcinol, 
etc. 

3. A chromogen has been found jp the larva of Tenebro molitor, 
giving with tyrosinase colour reactions identical with those given 
by tyrosine. 

4. Tyrosinase has .been found in the myriopods Scalopocryptop 
sexpinosa and Julius canadensis, Newp., and also in the larva of 
Cucujus clavipes. 

5. It has been observed that extracts of almost all animal tissues 
possess the power of oxidising solutions of quinol, and that this 
power is considerably diminished by prolonged boiling. 

6. Tyrosinase has been found to exist together with laccase in 
the Monotropa uniflora. 

Tins Carnegie Institution of Washington, 

Cold Spuing Harbour, 

Long Island, New York, U.S.A. 
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XIV»wi oft the Walden Inversion. Part III. 
Vertically Active ft-Hydroxy-fi-phenylpropionic Acids 
■ and the 'Corresponding fi-Bromo-B~phenylpropionic 
Acids. 

By Alex. McKenzie and Herbert Brooke Perren Humphries. 

TRE effect, which in certain cases is associated with the electro- 
negative phenyl group, has been brought out clearly in previous 
work on the Walden inversion (McKenzie and Clough, Trans., 1908, 
93 811 ; 1909, 95, 777). For example, 1-phenylchloroacetiq acid, 
C H/CHC1*C0 2 H, is converted into a mixture of r- and ^-fi^hdelic 
acids when aqueous sodium hydroxide is used to displace the chlorine 
atom by the hydroxy-group ; a mixture of r- and d-mandefic acids 
is, however, produced when silver carbonate is substituted for sodium 
hydroxide. This behaviour makes the problem of the Walden inversion 
more complicated than before, for this reason that, by analogy J?ith 
previous work of Walden and others, it was to have beeD expected 
that sodium hydroxide should have caused the formation of a dextro- 
rotatory mandelic acid mixture from the laevorotatory chloro-acid, and 
that silver carbonate should have caused the formation of a laevo- 
rotatory mandelic acid mixture. The contrast between tftxe inter- 
conversion of the active lactic acids, CH 3 *CH(0H)*C0 2 H, on the 
one hand, and the interconversion of the active mandelic a&ds, 
C 6 H 6 ‘CH(0H)*C0 2 H, on the other, by the Walden inversion, is 
very striking, and must be taien into account in any interpretation 
regarding the mechanism of the action which may be advanced. r . 

The present research is concerned with changes undergone -by the 
optically active /3-hydroxy-/3-phenylpropionic acids, 
C 6 H 5 *CH(0H)'CH 2 *C0 2 H. 

One of the objects was to find out if any Walden inversion could be 
detected in the course of changes undergone by a compound where the 
carboxyl group is not attached directly to the asymmetric carbon 
atom. Meanwhile this problem has been investigated by*E. Fischer and 
Scheibler (Ber. f 1909, 42, 1219), who studied the displacement of the 
hydroxy-group in /-/J-hydroxybutyric acid, OH 3 ’CH(OH)'CH 2 *COoH. 
By the action of phosphorus pentachloride, this acid was converted 
into d -/3-chl orobutyric acid, from which the original ^-hydroxy-acid 
was regenerated by displacing the chlorine by means of a number of 
different agents. 

Bearing in mind the possibility of the phenyl group exerting an 
influence entirely different from that of the methyl group, we prepared 
the optically active /?-hydroxy-/?-phenylpropionic acids by the resolu- 
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tion of the inactive acid with morphine in aqueous solution. When 
the /-acid is acted on by hydrobromic acid, ther resulting bromo-acid 
is dextrorotatory, and the change is accompanied by a certain amount 
of racemisation, which is less pronounced when the temperature at 
which the displacement occurs is kept low. The behaviour of the 
d-hydroxy-acid towards hydrobromic acid is, of course, similar, 
Phosphorus pentabromide also brings about a change of sign 0 f 
rotation by its action on the active hydroxy-acids. When the bromine 
in the active bromo-acids is displaced by the hydroxy-group, either by 
means of silver oxide and water, or by sodium carbonate and water 
or by water alone, a change of sign of rotation again occurs. The 
parent acid is accordingly regenerated : 

/-C fi H i , CH(OH)*CH 2 , CO J! H c/-C 6 H 5 -CHBr-CH 2 -C0 3 R 


by water 

^ 

Ag20 or jS'« 2 C03 


/-C 6 H 5 ‘CH(0H)CH 2 ‘C0 2 H. 


The displacement of the hydroxy-group in the active /3-hydroxy- 
/3-phenylpropionic acids by the bromine atom appears to be a normal 
action, since both phosphorus pentabromide and hydrobromic acid act 
in a similar manner, and since a change of aign also accompanies the 
action of hydrobromic acid on the methyl d ester. 

There is, therefore, no evidence of the occurrence of a Walden 
inversion in any of the changes studied. 


Experimental. 

Resolution of Inactive fi-TJydroxy-fi phenylpropionic Acid. 

Inactive /?-hydroxy-/?-phenylpropiomc acid was prepared by the 
action of boiling water on inactive /3-bromo-/3-phenylpropionic acid, 
which is readily obtained from hydrobromic acid and cinnamic acid 
(Fittig and Binder, Annalen , 1879, 195, 131). 

The resolution by means of morphine proceeds with exceptional 
ease. So far as we are able to judge, it is immaterial whether 
synthetic or storax cinnamic acid is used as the starting point for the 
preparation of the inactive acid. 

Powdered morphine (61 grams) was added to a solution of 36 grams 
of the hydroxy-acid in 750 c.c. of boiling water. Crystallisation 
began after the solution was allowed to cool at the ordinary tempera- 
ture for one hour ; the solution was then stirred occasionally, and left 
overnight at the ordinary temperature. About half of the total 
morphine salt separated, The crystals, which melted and decomposed 
at about 206° were suspended in 50 c.c. of water and tfie morphine 
precipitated by means of a slight excess of ammonia. The addition of 
an excess of hydrochloric acid to the filtrate, from which the morphine 
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had been separate^, caused the gradual separation, in the form 
of needles, of the Z-aoid, which is sparingly soluble in water. The 
acid was drained off add, after crystallisation from 300 c.c. of benzene, 
was pure. The yield amounted to 9 grams. Its melting point and its 
specific rotation did not alter after it had been recrystallised several 
times from benzene. 

1 -P-Hydroxy-P-ptenyljwopionic acid , C 6 H 5 *CH(0H)‘CH 2 *C0 2 Tt, is 
sparingly soluble in water and in benzene. It separates in colourless 
needles and melts at 115 — 116°: 

0*1925 gave 0 4579 C0 2 and 0*1032 H$0. C = 64*9 ; H = 6*0. 

C 9 H 10 O 8 requires C = 65*0 j H * 6*1 per cent. 

Its rotation was determined in ethyl-alcoholic solution : 

1-2, c — 5*153, - 1 *95°, [*]* -18*9°. • 

In order to obtain the enantiomorphously related isomeride, the 
mother liquor, from which the morphine J-sa.lt had been separated, was 
concentrated by evaporation to 150 c.c., when no separation of salt 
took place. The dextro-acid was then separated in the manner 
described above and crystallised from beDzeoe. The yield amounted 
to 10 grams. 

A-fi-Hydroxy-fi-phenylpropionic acid melts at 115 — 116°, and 
resembles its J-isomeride in other particulars : 

0*194 gave 0*4638 C0. 2 and GT051 H 2 0. C«64*9 j H = 6*0. 

C 9 H 10 O 3 requires C=»65*0 ; H = 61 per cent. 

A determination of its speci6c rotation in ethyl-alcobolic solution 
gave a value in agreement with that of the I-acid ; 

l~2, c = 5*194, + 1*99°, [a]g + 19*2°. 

Although the inactive acid had not been resolved previously, the 
active acids have been obtained by Barkow (Inaug. Diss. t Strasburg, 
1906), working in Erlenmeyer'a laboratory, in the course of an 
investigation dealing with the a-balogen /Thydroxy /Tphenylpropionic 
acids. Barkow found that when d-a-broino-/3-hydroxy-/3~phenyl- 
propionic acid, C 6 H 5 , CH(0H)*CHBr»C0. 7 H, was reduced by sodium 
amalgam, it was converted into d-j3-hydroxy-j3-phenylpropionic acid 
with [a] D + 19° in ethyl-alcoholic solution. 

Action of Hydrobromic Acid on the Active fi- Hydroxy -fi-pfienylpropionic 
Acids. 

Attempt to resolve inactive /Tbromo-/T phenyl propionic acid into its 
optically active isomerides were not promising. The bases employed 
caused some decomposition of the bromo-acid into styrene. The active 
brotno-acids were accordingly obtained from the corresponding 
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hydroxy-acids, but they underwent partial racemisation in the process 
of their formation by this method. 

The l- hydroxy-acid (2*5 grams) was . covered '• with'^eoSl’^ydro. 
bromic acid, which had previously been saturated at Q°. The ; hydroxy- 
acid dissolved, and the bromo-acid separated. After one hour, water 
was added, the sparingly soluble acid drained off, washed with waier 
and dried over soda-lime under diminished pressure. The product had 
[a]/+ 16*8° for c - 2*029 in ethyl-alcoholic solution. It was a mixture 
of the r- and d-bromo-acids, since its melting point was indefinite and 
its rotation changed on crystallisation. The effect of crystallising 
three times from carbon tetrachloride was to give an acid mixture 
which contained more of the inactive form than before, the value for its 
rotation in ethyl-alcoholic solution being [aj> + 8*5° for c => 2*05. 

If the fuming hydrobromic acid is shaken with the ^-hydroxy-acid 
for a few minutes only at the laboratory temperature, the racemisation 
is less pronounced. In one experiment, for example, the crude bromo- 
acid, obtained from the ^-hydroxy-acid, was crystallised once from 
carbon tetrachloride, and then gave [a] u + 20*6° for c= 2*204 in ethyl- 
alcoholic solution. 

When the d-hydroxy-acid was shaken with aqueous hydrobromic 
acid, saturated at 0°, for two or three minutes at 0°, the crude 
bromo-acid which separated had [a] u -23*9° for c = 2*974 in ethyl- 
alcoholic solution. 

Obviously, therefore, the amount of racemisation could be lessened 
by maintaining the temperaturo low during the action of the hydro- 
bromic acid. Forty c.c, of aqueous hydrobromic acid (saturated at 0°) 
were accordingly cooled to - 10°, and 8*5 grams of the /-hydroxy-acid 
added. The rapid solution of the hydroxy-acid was succeeded by the 
separation of a voluminous crop of the bromo-acid. After five minutes, 
the crystals were separated, washed with a little water, and dried. The 
product melted indefinitely at 126—133°, and had [ a ] D +32*2° for 
c = 2*125 in ethyl-alcoholic solution. It was crystallised from 65 c.c. 
of chloroform, and the crop which separated (6 grams) had [a] D + 21°. 
From the mother liquor, two successive crops were withdrawn, the 
second of which (M gram) had [«] D +58*3 for c=l*03 in ethyl- 
alcoholic solution, whilst the residual mother liquor yielded 2 grams of 
acid with [ a ] D +96*2° for c«H07 in ethyl-alcoholic solution. An 
estimation of bromine in the latter acid indicated the presence of 
cinnamic acid together with the bromo-acid. 

The pure active bro mo-acids have accordingly a value for their 
specific rotation higher than 96*2°, and appear to be more readily 
soluble m most solvents than the inactive isomeride^ Further 
attempts to isolate them wore not made, since the points of interest, 



EXPERIMENTS ON THE WALDEN INVERSION. PART III. 125 


from the point of vje wj of this investigation, could be established by aid 
of the 

The (thydroxy-aci^ gave similar results to the above when it was * 
treated with fuming hvdrobrOHfic acid at -10°. 

Action of Phosphorus Pentabromide on the Hydroxy-acid. 

The Z-aeid was dissolved in a mixture of chloroform and ether and 
acted on with an excess of phosphorus pentabromide, the temperature 
being maintained low. The bromo-acid, obtained after decomposition 
0 f the acid bromide with water, gave [a] u + 14*4° for c = 2*39 in ethyl- 
alcoholic solution. 

Thus phosphorus pentabromide behaves like hydrobromic^acid in 
causing a chaDge of sign of rotation when it acts on the", active 
hydroxy -acid, As is usually the case when a phosphorus halide acts 
on an active hydroxy-acid, the formation of tfie halogen acid is 
accompanied by partial racemisation. 

Formation of \- Bromo-ester from d -Hydroxy-ester. 

rf-j3-Hydroxy-/?-phenyIpropionic acid was converted into its methy 
ester by the Fischer-Speier method. This eater, which had [a] D + 14*1° 
for c = 4*717 in ethyl-alcoholic solution, was added to an excess of 
fuming hydrobromic acid at - 10°, and, after shaking for five minutes, 
the bromo-ester was separated. It was lmvorotatory, giving 
[a]j) -28*5° for c — 6*654 in ethyl-alcoholic solution. * 

The action of phosphorus pentabromide on the dhydroxy-ester was 
also examined, the bromination being effected in dry chloroform and 
at a low temperature. The resulting bromo-ester was - again, lsevo- 
rotatory, giving [a] D - 4*6° for c — 3*03 in ethyl-alcoholic solution. 

Displacement of Bromine in the d -Bromo-acid by the Hydroxy-group . 

A mixture of the dextro- and inactive bromo-acids (0*4 gram) with 
[<xj D +58'3° was added to water (10 c.c.), and, after five days at the 
ordinary temperature, the solution was heated for a few minutes until 
the odour of styrene had disappeared. The product was then 
evaporated to dryness at the ordinary temperature under diminished 
pressure. The residue gave the value [a^ -7*7° for c — 2*27 in ethyl- 
alcoholic solution. 

A mixture of the dextro- and inactive bromo-acids (0*7 gram) with 
[«] 0 +58*3? was added to a solution of 0*4 gram of sodium carbonate 
in 10 c.c. of water. After five days, the small amount of styrene 
present was removed. On acidification with hydrochloric acid, there 
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was no appreciable separation of cinnamic acid. The hydroxy-acid 
was extracted with ether, and had the specific rotation [a] D - 5‘5° for 
c = 1-451 in ethyl-alcoholic solution. 

Silver oxide, obtained from 1 gram of silver nitrate, was added to 
the dextrorotatory bromo-acid (0*7 gtam) with [a] D +96*2° and lOc.c, 
of water. After twenty-four hours, with occasional shaking, the 
product was treated with hydrochloric acid, filtered, and the filtrate 
extracted with ether. The resulting hydroxy-acid gave the value 
[a] D - 13*7° with c = M7 in ethyl-alcoholic solution. 

In these cases, therefore, using either water alone, sodium carbonate 
and water, or silver oxide and water, the hydroxy-acid recovered is 
opposite in sign to that of the bromo-acid used, and of the same 
sign as the parent hydroxy-acid from which the bromo-acid wa 3 
obtained. 

Birkdeck Com, eg®, 

London, E.C. 


XV . — The Triazo-group , Part XL Substituted 

Tnazomalonic and Phony Itriazoacetic Acids. 

By Martin Onslow Forster and Robert Muller. 

Pursuing our study of the effect produced by environment on the 
behaviour of the triazo-group, we deal in the present communication 
with substituted triazomalonic acids, for the purpose of comparison 
with the series of monobasic fatty acids already considered in previous 
papers (Trans., 1908, 93, 72; 1909, 95, 191), It has been shown 
that the characteristic manner in which triazoacetone is decomposed by 
alkalis may be deeply modified by exchanging the unsubstituted 
methyl group for ethoxyl, the azidie radicle in triazoacetic ester and 
its homologues being quite indifferent towards alkali, the attack of 
which is resisted even by the triazo-acids themselves unless consider- 
able excess of the agent is employed and the temperature raised to 
50° or more. From the fact that in the series quoted, a-triazoiw- 
butyric acid escaped altogether, it was concluded that the limiting 
condition for elimination of ttvo-thirds the azidie nitrogen from triazo- 
acids depends on the association of hydrogen with the carbon atom 
which carries the triazo-group. 

Accepting ethyl triazoacetate as a standard, the series of substituted 
triazomalonic esters described in this paper may be regarded as 
derived by replacing one or both atoms of hydrogen with carboxyethyl, 
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alkyl? phenyl, or triazidic groups, as represented by the following 
constitutional formula: ^ " 

EtO*c6*CN,<][ EtO-CO'CS' 3 <Q0^ Et 

Ethyl triazaacetate. Ethyl triazomalonate 

. (not isolated). 

EtO-CO-CN,^^ EtO-CO-OK,<g| t 

Ethyl methyltriazomaloiiate. Ethyl ethyltriazomalonate. 

EtO-CO-CN s <^| t EtO-CO-CN,<0^ Et 

Ethyl phenyltriazomalonate. Ethylbiatriazomalonaite. 

The first point to notice in connexion with the above series is that 
the introduction of a second carboxyethyl group into the molecule of 
triazoacetic ester disturbs so profoundly the equilibrium of the 
molecule that ethyl triazomalonate i9 not capablqjpf separate exist- 
ence. All attempts to prepare this compound by variations of the 
original process for obtaining triazo-esters have been fruitless, not 
from want of reactivity between sodium azide and the halogen of the 
substituted malonate, but because under those circumstances in which 
double decomposition can be brought about, the product immediately 
.undergoes profound decomposition, and gives rise to nitrogen, ammonia, 
and hydrazoic acid, along with a solid nitrogenous compound of high 
molecular weight. As soon as the remaining hydrogen atom is 
replaced, however, whether by alkyl, phenyl, or the triazo-group, 
stability returns to the molecule, and the substituted triazomalonic 
ester is sufficiently cohesive not only to withstand the action of alkali, 
but actually to undergo hydrolysis, furnishing the substituted triazo- 
malonic acid. 

In the alkyltriazomalonic acids we have to deal with substances 
directly comparable with a triazoisobutyric acid, inasmuch as the 
triazotised carbon atom is tertiary. Accordingly they display 
unusual resistance towards alkali, which depends for the success of its 
attack on the well known power of substituted malonic acids to lose 
one molecule of carbon dioxide. Making this alteration in ethyltriazo- 
nialonic acid, for example, leads to a-triazobutyric acid : 

CH s -CH 2 -CN 3 (C0 2 H) 2 - C0 2 - CH 3 , CII 2 »CHNg*C0 2 H. 
Consequent on this, there occurs elimination of two-thirds the azidic 
nitrogen, so that the net result of decomposing ethyltriazomalonic acid 
with alkali is propionylformic acid : 

CH 3 ‘CH 2 *C5 3 (C0 2 H) 2 -f H 2 0 = CII 3 ’CH 2 ’C0‘C0 2 H + C0 2 + N 2 + NH S . 

Proceeding now to consider the effect of the phenyl group, an 
increase in the reactivity of the molecule is to be noted, and although 
it has proved possible to hydrolyse the ester to phenyl triazomalonic 
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acid, and by the action of ammonia to prepare phenyltriazomalonamide, 
nevertheless the further broakdown tq benzoylformic acid is accotn. 
plished mote readily than the corresponding degradation of 'l^purely 
aliphatic molecule : 

C 6 H 5 -CN 3 (C0 2 H) 2 + H 2 0 = € 6 H 5 - COC0 2 H + CO, + tf 2 + NH 8 . 

This access of reactivity is shown still more clearly by the behaviour 
of phenyl triazoacetic ester, which we have prepared for comparison 
with triazoacetic ester. Whilst the latter substance may bj 
hydrolysed to the acid without risk of eliminating the two-thirds 
nitrogen, phenyl triazoacetic ester is so sensitive towards alkali 
that the acid cannot be prepared by hydrolysis, but must be derived 
from sodium phenylchloroacetate by double decomposition with sodium 

C 6 H 5 -CHCl-C0 2 Na + NaN 3 = C 0 H 5 -CHN 3 *CO 2 Na + NaCl. 

By proceeding carefully it is possible to arrest decomposition of 
phenyl triazoacetic acid with alkali at the stage intermediate between 
the original substance and ^benzoylformic acid, namely, potassium 
phenyJiminoacetate : 

C 6 H 5 *CHN 3 *C0 2 K C 0 H 5 *C(:NH)-CO 2 K + N 2 , 
but this compound readily suffers hydrolysis to potassium, benzoyl- 
forrnate and ammonia. The instability of phenyltriazoacetic ester is 
illustrated still better by its behaviour towards ammonia, which con- 
verts it into phenyliminoacetamide with loss of two-thirds nitrogen and 
without formation of phenyltriazoacetamide. 

C 6 H 6 -CHN s -C0 2 -C 2 H 5 + NH 3 = 

C 6 H 5 »C(:Nn)*CO-NH 2 + c 2 h 6 -oh + n 2 . 

The latter substance, in fact, could nob be isolated, although the trans- 
formation -of triazoacetic ester linto triazoacetamide by the direct 
action of ammonia is practically quantitative. 

Proceeding now to the bistriazo-derivatives, we are confronted with 
another illustration of the comparative immunity of the triazo-group 
when the carbon atom which carries it is, tertiary. In studying the 
properties of bistriazoacetic ester (Trans., 1908, 93, 1073), it was 
found that potassium hydroxide readily eliminates hydrazoic acid, and 
that even ammonia brings about this change too rapidly to permit the 
production of bistriazoacetamide ; moreover, during the preparation of 
the ester it was noticed that the double decomposition between di- 
chloroacetic ester and sodium azide was accompanied by continuous 
liberation of hydrazoic and prussic acids, indicating subsidiary changes 
which reduced the yield vory much below that required by theory. 
Bistriazomalonic ester, on the other hand, is a comparatively stable 
substance, and, although exploding with some violence at 180°, is much 
less dangerous to handle than bistriazoacetic ester. Ammonia converts 
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it into bistmzomalQE»mide, and although this change is accompanied 
bT e limmation|6r ; h^iMO§s i( acid, the isolation of a solid amide 
} | ^ggS to the behaviour of the bis^riazoacetic 
s ter expected,-- however, the -amide is'arach more 
6 nsitive"toW)EWP&" concentrated sulphuric acid than methyltriazomalon- 
amide and eth|l&iazomaSonamuie, and is completely broken down by 
potassium hydroxide, yielding nitrogen and ammonia with prussic and 

hydrazoic acids. . - wm:. 

An attempt to produce bistriazomalomc acid by cautious hydrolytis 
leads us to believe that this substance, like triazomalonic hbid, is 
capable of existing in solution, but not in the individual statS. An 
ethereal solution was concentrated without heating, but thereby 
acquired a powerful odour of hydrazoic acid, which remained noticeable 
during many days’ exposure to reduced pressure ; a few crystals of 
oxalic acid separated, and the oil, when quite free from hydrazoic acid, 
gave a nitrogen percentage agreeing fairly well with that of tnazo- 
glycolli^acid, this indication being further confirmed by analysis of 
the barium salt. It appears probable, therefore, that bistriazomalomc 
acid undergoes the following changes in solution : 


n s > c< C 0 2 h + H *° - H n °>ch-co 2 h + co * + hn 3 . 

h °>ch-co 2 h N 2 +g°>OC!0 2 II “£ (C0 2 H) 2 +NH 3 . 

3 

The production of prussic acid during the disruption of the triazo- 
group appears to be a feature of bistriazo-derivatives exclusively, and 
we have searched again for this compound among the products of 
decomposing with alkali those triazo-acids and triazo-esters which have 
been described in previous papers, with a negative result; it is, how- 
ever, noteworthy that phenyltriazomalonamide, when warmed with 
alkali, gives a distinct odour of phenylcarbylamine. It is difficult to 
explain the formation of prussic acid from bistriazomalonamide unless 
the production of the substance is proceeded by the loss of carbon 
dioxide, which would lead to bistriazoacetamide ; this might be 
expected to lose two-thirds the nitrogen of one azidic group, yielding 
a highly unstable molecule which would become resolved into ammonia 
with hydrazoic, carbonic, and prussic acids : 


f>c<; 


CONK, 


n 2 +nh:c<; 


-N 

co*nk 2 “*■ 

HCN + HN 3 + C0 2 + NBg. 


Such a change appears more probable when it is recalled that 
Conrad and Bruckner have shown that dichloroacetamide is among 
the products of treating dichloromalonic ester with ammonia ( Btr . , 

1891 , 24 , 2994 ). \ 

VOL. XCVII. 
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Much remains to be learned, however, in connexion with those 
bistriazo-compounds in. which both azidic groups are attached to 
the same carbon atom, other, points in addition to thosejgentioned 
serving to emphasise the characteristic behaviour of such substance 
Bistriazomalonic ester, for example, is remarkably stable, and does 
not appear to undergo alteration with lapse of time, whilst bistriazo. 
acetic ester develops the odour of prussic acid and deposits, i n 
the course of a few months, massive, transparent crystals (m. p. 91°) 
containing more carbon, but less nitrogen, than the original material. 
This rearrangement will be investigated further, as there doubtless 
occurs some change comparable with the triazole formation which 
takes place in the molecule of allylazoimide (Trans., 1908, 93 , 1174), 
and with the production of l-hydroxy-5-phenyltetrazole from benz- 
hydroximic chloride and sodium azide (Trans., 1909, 95 , 183) ; the 
recent observation of Schroeter ( Ber 1909, 42, 233G), who obtained 
diphenyltetrazole from diphenylbietriazomethane, belongs, probably, 
to the same class of transformation. 

Experimental, 

Interaction of Chloromalonic Ester and Sodium Azid-e. 

Fifty grams of chloromalonic ester (b. p. 91°/2 mm.) were heated 
under reflux on the water-bath with 25 grams of alcohol, 20 gramB 
of sodium azide, and sufficient water to maintain the salt in 
solution; the mixture rapidly became yellow, then dark red, while 
brisk effervescence was set up, the escaping gases being nitrogen, 
ammonia, and hydrazoic acid. After four hours the liquid was 
allowed to cool, and filtered from 3 grams of crystalline material, 
of which a further quantity about equal to the first was obtained by 
removing esters in a current of steam, concentrating the residue to 
about 200 c.c., and then adding dilute sulphuric acid. The substance 
was purified by precipitation with sulphuric acid from the solution 
in sodium carbonate, followed by successive recry sfcallisation from 
boiling alcohol and ethyl acetate independently, approximately one 
litre of the latter solvent being required by 0*5 gram ; it crystallised 
in minute, colourless needles, became deep red at about 220°, and 
decomposed completely in the neighbourhood of 240°. Many analyses 
have been made, of which the following are typical, without, however, 
revealing the identity of this compound, but they point consistently 
to a molecule arising by condensation of two or more molecules of 
triazomalonic ester : 

0*2061 gave 0*3577 C0 2 and 0*0908 H 2 0. C = 47*29; H-4‘90. 
0*1181 „ 13*2 c.c. N 2 at 20° and 746*5 mm. N *=12*56. 

requires C = 47*58; 11 = 4*84; N- 12 33 per cent. 
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The substance is very sparingly soluble in boiling water, alcohol, 
bloroform, and ethyl acetate;- it does not reduce ammoniacal silver 
oxide, apd does not give any characteristic coloration when ferrous 
ulphate 13 added to a very dilute solution in sodium hydroxide, but 
^solution in cold absolute alcohol,” which of necessity contains only a 
minute portion of the substance, develops an intense violet coloration 

with ferric chloride. * v . 

As regards the preparation of triazomalonic ester, the foregoing 
experiment was a failure, because not only is the solid product quite 
distinct from a triazo-compound, but the volatile oil . removed by 
8team was found not to contain nitrogen. Another fruitless attempt 
to obtain the substance consisted in shaking during twenty hours at 
laboratory temperature a suspension of chloromalonic ester (50 grams) 
in aqueous alcohol containing sodium azide (20 grams) ; the mixture 
became dark red, and pressure was developed, but the odour of 
ammonia or hydrazoic acid was not perceptible, and the heavy oil 
which remained undissolved consisted of original material. 

Having found that sodium phenyltriazoacetate may be prepared 
from the chloro-compound by the action of aqueous sodium azide, 
25 grams of bromomalonic acid were neutralised with sodium 
carbonate, and gently warmed with 10 grams of sodium azide 
dissolved in water. It soon became evident that double decom- 
position had occurred, because a test with 40 per cent, potassium 
hydroxide gave torrents of nitrogen and ammonia, but on extracting 
the acidified solution with ether, and evaporating the solvent under 
reduced pressure, hydrazoic acid was liberated continuously, leaving 
an oil which no longer evolved nitrogen when treated with alkali. 

MethyltTiazomalonic Acid, CHyCN^CO^H^. 

Five grams of methyltriazomalonic ester were shaken with 5 grams 
of potassium hydroxide dissolved in 5 e.c. of water until, after about 
twenty minutes, the oil had disappeared, when the liquid was 
gradually acidified with 50 per cent, sulphuric acid and extracted 
with ether. The residue from the latter solidified in the desiccator, 
and, after crystallisation from warm benzene, was redissolved in its 
own weight of ethyl acetate \ on .adding benzene in approximately 
equal volume, there separated stellate aggregates of long, transparent 
prisms melting at 87*5° : 

0*1551 gave 37’0 c.c. N 2 at 22° and 743 mm. N — 26*40. 

C 4 H 5 0 4 N s requires N =* 26*41 per cent. 

The acid is Yery hygroscopic, and dissolves freely in ethyl acetate \ 
benzene dissolves it only sparingly, however, and it is insoluble 
iu petroleum. Concentrated sulphuric acid attacks the substance 

K 2 
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very slowly, whilst stannous chloride ^liberate 

nitrogen immediately. . 

The silver salt was procipgiated by silver nitrate irojn^aqueoQ, 
ammonium methyltriazomalonate, and, although colourless when fresh 
rapidly darkened on attempting to ‘recrystallise it from warm water f 
a small quantity of the dried substance detonated with considerate 
violence when thrown on a hot plate. 

Ethyl Methyltriazomalonate, CH fi , C2v' 3 ( C0 2 ‘ C 2 H^) 2 . 

Fifty grams of methyl bromomalonic ester in 30 c.c. of absolute 
alcohol were heated under reflux during ten hours with 22 grams of 
sodium azide in 30 c.c. of water; action being then complete a 
considerable quantity of water was added, and the precipitated oil 
distilled under diminished pressure, the principal fraction (32 grama) 
boiling at 69°/0*6 mm. : 

0*1328 gave 23‘0 c.c. at 17° and 749 mm. N = 19 80. 

C 8 H 13 0 4 N 3 requires N"= 19-53 per cent. 

Ethyl methyltriazomalonate is a colourless liquid having sp. gr, 
IT 1695 at 16°/16°j it has a faint, agreeable perfume, suggesting 
acetoacetic ester, aud the vapour when inhaled with steam produces 
an effect on the blood-pressure similar to that of the estejft in 
the monobasic series, As already indicated, cold concentrated 
potassium hydroxide merely hydrolyses the ester, provided that the 
alkali is not in great excess and the mixture is not heated; even 
on evaporating to dryness, the liberation of gas is very slight, 
and only a small proportion of nitrogen is removed in.- the form 
of hydrazoic acid. 

Action of Suljihurk Acid . — As in the case of triazoacetic. ester, the 
interaction with concentrated sulphuric acid is very slow, and only on 
heating the mixture during a considerable period did the volume of 
liberated nitrogen reach the calculated amount : 

0-2243 gave 26-8 c.c. N 2 at 17° and 747 mm. N- 13’62. 

C 8 H 13 0 4 N 3 requires 2/3N = 13-02 per cent. 

'Behaviour towards Stannous Chloride . — A solution of stannous 
chloride* in hydrochloric acid is without action on the ester until 
the temperature reaches about 80°, when a slow hut regular 
effervescence sets in, and is completed in about two hours. 

0-3038 gave 36-6 c.c. N 2 at 19° and 742 mm. N = 13*51. 

C & Hi 3 0 4 N 8 requires 2/3N = 13-02 per cent. 
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> 0Hj 4 CN s (C0*NH 2 )j. 

Five graks oFtHe ester were shaken daring two hours with 15 c.c. 
of concentrated aqueous junmonia, excess of . which was removed 
* the vacuum' desiccator after twelve hours had elapsed. The 
L ygtallifie amidri was dissolved in boiling benzene,* of whicte about 
!400 clc/wer^required per gram, separating in long, lustrous needles 
icelting at : 

0-2330 gave 52'5 c.c. N 2 at 17° and 742 mm. N = 44*71. 

C 4 H 7 0 2 N 5 requires N = 44*58 per cent. 

Jtfethylt'H^omaloiictniide is readily soluble in warm water, alcohol, 
and petroleum, but is insoluble in cold benzene. A hydrochloric 
acid solution of stannous chloride attacks the substance rapidly 
without being heated, and liberates nitrogen. Concentrated 
sulphuric acid behaves in a most unusual manner, nitrogen being 
evolved only slowly even on raising the temperature to 125°, 
below which there is not any effervescence. A parallel with this 
remarkable behaviour has been noted quite recently in the case of^ 
triphenylmethylazoimide (Wieland, Ber. y 1909, 42, 3027), the 
solution of which in concentrated sulphuric acid must be heated 
L 200° before gas evolution becomes vigorous. 


Ethyltriazomalonic Acid , C 2 U 5 , C17 3 (C0 2 H) 2 . 

Exactly the same procedure was adopted as in the case of methyl- 
triazomalonic acid, and, after crystallisation from hot benzene, the 
acid was obtained in colourless, rhombic, hygroscopic prisms, melting 
and decomposing at 105 — 107° : 

0*1632 gave 34*4 c.c. N 2 at 22° and 766 mm. N = 24*12. 

C 6 H 7 0 4 N 3 requires N = 24*28 per cent. 

The acid is attacked readily by concentrated sulphuric acid, and 
by stannous chloride in hydrochloric acid. 


Ethyl Ethyltriazomalonate , C 2 H 5 *CN 3 (C0 2 *C 2 H 5 ) 2 . 

The ester was prepared from 42 grams of ethylbromomalonic 
ester, 15 grams of sodium azide, and 45 c.c. of 50 per cent, alcohol, 
heating under reflux being continued during eight hours j the 
product was fractionated under reduced pressure, boiling at 

83 , 5°/0 , 7 mm. : 

0’1670 gave 27*3 c.c. N 2 at 22° and 789 mm. N = 18*74. 

C 6 Hi 5 0 4 N 3 requires N = 18*38 per cent. 

The colourless liquid has sp. gr, 1*1161 at 16°/16°,'and the vapour, 
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although characterised by a pleasant odour, has the disagreeable 
effect on the blood-pressure which has become associated tyith tfo 
aliphatic triazo-esters. Whilst the effervescence brought about by 
stannous chloride in hydrochloric acid is very vigorous, that induced 
by concentrated sulphuric acid is very slow. A distinction from the 
lower homologue # is offered by the behaviour towards concentrated 
potassium hydroxide, because on heating the ester with excess. of this 
agent, violent liberation of nitrogen sets in, followed by ammonia, and 
on cooliDg the liquid, there separate crystals of potassium propionyi. 
formate, containing 28 ‘2 per cent, of potassium (C 4 H 5 0 3 K requires 
K = 27*9 percent.); the phenylhydrazone was prepared, and melted 
at 148 5° after crystallisation from dilute alcohol. 

Ethi/ltriazomalonamide, C 2 H 5 *CN 3 (CO*NH 9 ) 2 . 

Tho substance was obtained by shaking the ester with concentrated 
aqueous tammonia, and crystallised from hot benzene in colourless 
rhombic plates melting at 167°: 

0*1027 gave 36-8 c.c. N 2 at 20° and 763 mm. N = 41-05. 

WA requires N = 40-93 per cent. 

Decomposition with stannous chloride in hydrochloric acid readily gave 
the calculated amount of nitrogen, but the remarkable behaviour of 
the lower homotogue towards concentrated sulphuric acid was 
reproduced by etbyltriazomalonamide, which was not decomposed 
below 125°. r 

P henyltriazomalonic Acid , C 6 H 5 'CN 3 (C0 2 H) 2 . 

As appears below, it was not found possible to distil phenyltriazo- 
malonic ester, even under pressure reduced to 0*56 mm., without 
decomposition, which took place at 150°, and accordingly the 
undistilled material was employed as the source of the acid. Several 
grams of the ester were shaken with the calculated amount of 
potassium hydroxide in the form of a 20 per cent, aqueous solution 
until, in the course of about three hours, a clear liquid resulted ; this 
was extracted twice with ether, acidified with the calculated amount 
of dilute- sulphuric acid, saturated with solid ammonium sulphate, and 
further extracted five times with ether. After drying with ignited 
sodium sulphate, the residue from evaporation was submitted to 
iminished pressure (20 mm.) during thirty-four hours, when it 
solidified and became colourless on porous earthenware. Becrystal- 
lisatoon from hot benzene gave spherical clusters of snow-white 
needles melting at 99° without decomposition : 

0-1562 gave 25'8 c.c. N 2 at 18° and 768 mm. JSU 19*28. 

<VW*. requires N = 19*00 per cent. 
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v h wvltriazomalonic acid effervesces vigorously with concentrated 
l huric acid while torrents of nitrogen are liberated by a solution 
f stannous chloride in hydrochloric acid; 40 per cent, aqueous 
*um hydroxide effects immediate disruption of the tnazo-group 
° the cold, but alkali of half this concentration requires to be heated 
D f bringing about decomposition, when ammonia and nitrogen are 
Lrated without formation of hydrazoic and hydrocyanic acids. The 
'ikaline liquid from the foregoing experiment gave an immediate 
Lcipitate with phenylhydrazine after being neutralised with dilute 
P lohuric acid ; this was found to be identical with the phenyl- 
hvLzone of benzoylformic acid obtained by similar procedure from 
nhenvltriazo acetic acid, whence it follows that the disruption of the 
triazo-group is preceded by removal of carbon dioxide from the 

dibasic acid. 


Ethyl Pkenyltriazomalomte, C 6 H 5 ‘CN s (C0 2 'C 2 H 5 ) 2 . 


Phertylmalonic ethyl estor was prepared according to the method of 
Wislicenus (Ber., 1894, 27, 1093; Annalm, 1888, 246, 315), which 
depends on elimination of carbon monoxide from phenyloxalic ester 
obtained by the action of ethyl oxalate on the sodium derivative 
of ethyl phenykeetate. Wislicenus states that ethyl phenylmalonate 
tends to decompose when boiled under atmospheric pressure at 285 
and therefore distilled it at 170— 172°/14 mm. ; our specimen boiled 

at 127 129°/0'35 0'4 mm. The bromination of phenylmalomc ester 

has been described by Wheeler and Johnson (/. Amer. Chmn. Soc., 
1902, 24, 680), who carried out this operation in sealed tubes, but we 
find ’that phenylbromomalonic ester may be prepared in almost 
quantitative yield by heating the ester with the halogen under ordinary 
pressure at 140—150° in bright daylight, the product distilling 


at 141 — 142°/0-4S mm. 

Phenylbromomalonic ester (18 5 grams), sodium azide (6 grams), 
and alcohol (10 c.c.), with sufficient water to maintain the salt 
dissolved, were left in darkness during three weeks with frequent 
shaking and occasional warming to about 40°; water was then added, 
and the precipitated ester extracted and dried, but an attempt to 
distil the product was fruitless, owing to the decomposition which was 
threatened on raising the temperature of the bath to 150°, when the 
pressure rose from 0*56 mm. to 1*5 mm. quite suddenly, and the 
operation was therefore discontinued. There was not any indication 
of distillation taking place, and it has not been possible, therefore, to 
obtain the substance in purified condition. 

The crude ester is a slightly yellow, heavy oil with a faint, pleasant 
perfume; the decomposition with concentrated sulphuric acid takes 
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place readily, and nitrogen is Hberated ^O^^l^a^^f^nnous 
chloride in hydrochloric acid. The &ctio£,of potagsin^K^J^ide has 
been already described. 

Phenyltriazomalonctmide , 0 6 H 5 *Chr 3 (G0*NH 2 ) 2 . 

On continued shaking with strong aqueous ammonia, phenyltriaztv 
malonic ester was transformed into a crystalline solid, which dissolve 
in hot water, and separated therefrom in snow-white, fern-like leaflets; 
the substance meltod at 189°: . 

0*1038 gave 29*7 c,e. at 23° and 760 mm. N = 32'24. 

C 9 H a 0 2 N 5 requires N = 31*96 per cent. 

Fhenyltriazomalonamide is moderately soluble in acetone, ethyl 
acetate, and ethyl alcohol ; it dissolves sparingly in boiliDg benzene, 
and is insoluble in boiling petroleum. 

The action of concentrated sulphuric acid on the amide is mild 
at first, and becomes brisk only on continued stirring, whilst a solution 
of stannous chloride in hydrochloric acid does not liberate nitrogen 
until a few drops of alcohol have been added to complete contact. 
"When heated with 20 per cent, aqueous potassium hydroxide, the 
compound evolves nitrogen freely, accompanied by ammonia, the 
odour of phenylcarbylauiirie being also noticeable; hydrazoic an^ 
prussic acids, however, were not produced. 


Ethyl Bislriazomalonate, (N 3 ) 2 C(C0 2 *C 2 H 5 ) 2 . 

Ethyl dichloromalonic ester was obtained as a by-product in the 
preparation of ethyl cbloromalonic ester on treating malonic ester with 
chlorine at 80°, and boiled at 231 — 234°. It is noteworthy that, 
although ethyl dichloromalonatc may be preserved during many 
months without showing any signs of having undergone change, the 
monochloro-compound (b. p. 222 — 223°) became transformed into a 
brownishrgrey, fuming liquid, having a marked odour of hydrogen 
chloride. 

Twenty grams of rectified dichloromalonic ester, 20 c.c. of absolute 
alcohol, and 14 grams of sodinm azide dissolved in 40 c.c. of water 
were warmed carefully until the liquid became clear, and left in dark 
ness during one month, with occasional shaking and gentle warmiEg, 
On diluting with water and extracting with ether, a colourless oil was 
obtained, half a gram of which was heated in an open tube under 
atmospheric pressure before submitting the whole specimen to distil- 
lation ; no chang||jK:|j§| observed to take place while the temperature 
remained bel ^ ^ ^p ^ but at the moment of reaching 180° an explosion 
pf very conaweraDle violence occurred. The main niuintifcy of ester 
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j wa a mm. pressure, boiling steadily at 

0*1576 gave 47*6 c.c. N 2 at 21° and 764 mm. N~ 34*57. 

C 7 H 10 O 4 17 6 requires N ~ 34 71 per cent. 

flistriazoimlonic ester is a^colourless oil with a pleasant perfume ; it 
jhas sp. gr. 1*2136 at 20° compared with water at the Ame temperature,^. 
|The decomposition by concentrated sulphuric acid is extremely violent, 
and the liberation of nitrogen with stannous chloride in hydrochloric . 
acid torrential : ' 

0*3251 gave with SnCl 2 62*6 c.c. N 2 at 21° and 768 mm. N = 22*31 
0-1816 „ „ H 2 S0 4 36-2 c.c. N“ „ 21° „ 764 mm. N = 22*8. 

G 7 H 10 O 4 N 6 requires 2/3N = 23‘14 per cent. 

An attempt to prepare bistriazomalonic acid by hydrolysing the 
ester with 10 per cent, alkali was unsuccessful, owing to the readiness 
with which the product undergoes spontaneous loss of hydrazoic acid. 
Seven grams were shaken with the calculated amount of the agent 
until dissolved, extracted with ether, and treated with the exact 
quantity of dilute sulphuric acid, after which ammonium sulphate was 
added and the bistriazomalonic acid removed by four extractions with 
ether. The solvent having been evaporated without heatiDg, it was 
noticed that the residual oil, which remained viscous, acquired a 
distinct odour of hydrazoic acid, and was filled with bubbles which 
ceased to appear after many days in the desiccator : 

0*1410 gave 43*4 c.c. N 2 at 23° and 757 mm. N=34*6. 

C- 3 ^ 2 ^ 4-^6 requires N = 45*16 per cent, 

<W>A „ N = 35*8 

The latter formula represents triazoglycollic acid, which is very 
likely produced by tbo removal of carbon dioxide and hydrazoic acid 
from bistriazomalonic acid under the influence of water. After many 
days, crystals of oxalic acid were noticed in the oil, which was treated 
with a paste of barium carbonate in order to isolate, if possible, 
barium triazoglycollate. The aqueous filtrate from barium oxalate 
and unchanged barium carbonate was evaporated to dryness without 
heat, and triturated with absolute alcohol, the insoluble portion being 
then analysed : 

0*0786 gave 0*0498 BaS0 4 . Ba = 37*25, 

C 4 H 4 O c N 6 Ba requires Ba = 37*13 per cent. 

The substance effervesced vigorously with concentrated sulphuric 
Acid, and was most probably barium triazoglycollate. 
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Bistriazomalonamide, (Nj) 2 C(CO*NH 2 ) 2 . 

Agitation with strong aqueous ammonia daring one hour trang. 
formed bistriazomalonic ester into a snow-white, crystalline solid, 
which was recrystaliised from boiling water, being only very sparingly 
soluble therein ; t^e amide separated in transparent, colourless prismg 
melting at 162° with vigorous decomposition : 

0*0866 ggve 47*6 c.c. N 2 at 24° and 765 mm. N * 60-88. 

C 3 H 4 0 2 N s requires N = 60-89 per cent. 

The substance is readily soluble in hot acetone and ethyl acetate, 
crystallising therefrom in six-sided plates ; it is moderately soluble in 
cold alcohol, but dissolves very sparingly in boiling benzene and 
in boiling chloroform. Immediate effervescence occurs on mixing the 
amide with concentrated sulphuric acid, and becomes very vigorous on 
warming ; stannous chloride also liberates nitrogen very freely. The 
decomposition with 40 per cent, potassium hydroxide is most 
profound, giving rise to nitrogen, ammonia, prussic acid, and hydrazoic 
acid. 

Phenyltriazoacetic Acid, C^Hj'CIIt^'COgH. 

Owing to the readiness with which the triazo-group in pbenyltriazo- 
acetic ester undergoes disruption in the presence of alkali, the acid 
cannot be obtained by hydrolysis. Five grams of phenylchloroacetic 
acid were therefore exactly neutralised with sodium carbonate in about 
30 c.c. of water, and, after admixture with 2*5 grams of sodium azide 
dissolved in 20 c.c. of water, allowed to remain during two days 
protected from light ; dilute sulphuric acid having been added, and the 
liquid extracted six times with ether, the latter was dried with sodium 
sulphate and evaporated in a vacuum desiccator without being heated. 
The residue became solid, and was recrystaliised three times from 
benzene, which deposited the substance in thin, colourless, rhombic 
plates melting at 98*5° : 

0*1543 gave 31*4 c.c. N 2 at 20° and 764 mm. N = 23*41. 

C 8 HAN 3 requires N = 23*73 per cent. 

The decomposition with concentrated sulphuric acid was very violent, 
and nitrogen was also liberated immediately ou mixing the acid with 
aqueous potassium hydroxide or a solution of stannous chloride in 
hydrochloric acid. The silver salt could not be analysed, because 
reduction took place on attempting to recrystallise it from warm 
water. 

Ethyl Phenyltnazoacet.au, C fi H 5 *CHN 3 'C0 2 ’C 8 H 5 . 

Early attempts to prepare this ester were conducted on the lines 
followed in the case of triazoacetic ester and its higher homologues, 
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| u fc the results were unsatisfactory; when alcoholic phenylchloro- 
eetic ester is heated under reflux with aqueous sodium azide, the 
quid rapidly becomes yellow and evolves gas, and, although the oily 
roduct of steam distillation answers to the aqide test with con- 
gntrated sulphuric acid, it is too complex a mixture to repay further 
reatment, the presence oE by-products being best avoided by the 
flowing procedure. 

| Eighty grams of phenylchloroacetic ester (b. p. 1 35°/17 mm.) 
■were mixed with 100 grams of alcohol and 40 grams of sodium azide 
(1 mo).=*26'2 grams), water and alcohol being then added alternately 
until both ester and salt were dissolved ; after remaining a few weeks 
in the dark, the liquid was found to have deposited a crop of sodium 
chloride, and at the end of two months, when the action was judged 
to have been complete, water and solid ammonium sulphate were 
added to precipitate the ester, which was then removed, dried in the 
usual way, and fractionated with the aid of the Gaede pump : 

0*2204 gave 38*3 c.c. at 16° and 770 mm. N = 2(V08. 

CjoH^OgNa requires N = 20*49 per cent. 

Ethyl phenyltriazoacetate is a colourless liquid with a very faint 
pleasant perfume suggesting roses ; only on distilling the ester with 
steam does the vapour produce the throbbing sensation at the base of 
the forehead and palpitation of the heart characteristic of the 
aliphatic triazo-eslers, It boils at 93°/0*09 mm., and has sp. gr. H434 
at 20°/20° ; the action with concentrated sulphuric acid is very 
violent. 

Action of Potassium Hydroxide . — Contact with dilute aqueous alkali 
was found to bring about an immediate disruption of the triazo-group, 
and it was therefore useless to attempt hydrolysis by this means. On 
adding 40 per cent, potassium hydroxide drop by drop to 10 grams of 
the ester dissolved in 40 c.c. of alcohol, the liberation of nitrogen was 
perfectly regular, and, after excess of alkali had been added, there 
separated a reddish oil which in the vacuum- desiccator rapidly 
solidified ; this product, being sparingly soluble in water, was recrys- 
tallised from the gently warmed liquid, and was obtained in colourless, 
nacreous plates : 

0 3114 gave 0*1470 K 2 S0 4 . K = 21*10, 

0*2577 „ 16*7 c.c. N 2 at 19° and 768 mm. N = 7*53. 

C 3 H 6 0 2 NK requires R = 20'85 ; N = 7'49 per cent. 

In the course of twenty-four hours’ exposure to air, the substance 
bad begun to undergo hydrolysis, yielding potassium benzoylform&te, 
and when the salt no longer contained nitrogen, benzoylformic acid 
was obtained from it and identified by the melting point (65°) and by 
conversion into the phenylhydrazone, a specimen of which melted at 
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160° and contained 11*8 por cent, of 
N =* 1 1 '7 per cent.). JB . , 

Action of Ammonia . — Attempts to prepare phehylfcriazoacetanurh 
by the action of ammonia on phenyltriazoacetic ester* were u n . 
successful, owing to disruption of the triazo-group ; this can, however, 
b^so controlled as to permit the isolation of phcnyliminoacetami 
®Kcegg of dry ammonia was passed into a well-cooled solution, oi 
phenyltriazoacetic ester in absolute alcohol ; liberation of nitrogen 
accompanied the separation of crystals, which increased during twenty 
four hours in the ice-chest. Becrysfcailisation from benzene, repeated 
until the melting point was constant, gave colourless, monodinic 
plates melting at 144° : 

0*2070 gave 34*3 c.c. N 2 at 20° and 770 mm. N = 19*21. 

C 8 H a ON 2 requires N = 18*92 per cent. 

The substance is readily soluble in alcohol and in benzermj being 
precipitated from the respective solutions by water and by petroleum, 
When exposed to air it produces ammonia, giving the a-amide of 
bbnzoylformic acid, m. p. 90°. The acid itself was obtained by 
completing the hydrolysis. 

Triazoacetophenone (Phenacf/lazoimide), N 3 *CH 2 *CO’C 6 H 5 . 

Twenty grams of bromoacetophenone dissolved in 50 c.c. of 
absolute alcohol and mixed with 7 grams of sodium azide in the 
minimum quantity of water were shaken at intervals during sixteen 
hours in the ice-chest ; being very readily fusible, the crystalline 
product was collected on a filter, cooled with chilled brine, and then 
precipitated by petroleum from a dried ethereal solution : 

0*1695 gave 38’4 e.c. N 2 at 20° and 767 mm. N = 26*16. 

0 8 H 7 0N g requires N = 26*09 per cent. 

The triazo ketone crystallises in colourless, lustrous plates, and melts 
at 17°; in the course of a few weeks the pale yellow substance became 
dark brown, even when protected from light, and the odour of 
hydrazoic acid was perceptible. An attempt to distil it under 0*1 mm. 
pressure was unsuccessful, because a threatening decomposition set in 
when the. temperature of the bath had reached 130 fl , the pressure 
quickly rising to 4 mm. 

On adding 20 per cent, potassium hydroxide to an alcoholic solution 
of triazoacetophenone, immediate liberation of nitrogen takes place 
followed by ammonia on heating the liquid j * deep red coloration is 
developed, but the indication of hydrazoic acid is trifling. An' 
attempt to establish the intermediate production of benzoylform- 
aldehyde on the lines indicated by W. L. Evans (/. Amer. Chem. Soc. t 
1906, 34,^15) was unsuccessful, the only material isolated being 
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benzoic acid. JKjS> grams^w ^ ether werp shaken with on© gram of 
lime and 4$ liberating gas immediately and 
3eco ming dirKr^toisli-rect j after thirty hours the aqueous liquid was 
amoved, extracted three times with ether, and acidified, when further 
extraction removed benzoic, not mandelic, acid, 
phenacylazoimide reduces ammoniacal silver oxide in the coldL 
solution, " 

Action of Sulphuric Acid . — The concentrated agent attacks the 
triazoketone with great violence, and flame sometimes accompanies 
the small explosion which occurs when they are mixed drop by drop. 
By using more dilute acid the action can be moderated, until at 
25 per cent, the yield of nitrogen may be measured ; .*.£'• 

0'2336 gave 34-4 c.c. N 2 at 18° and 772 mm. N = 17*27. 

C g H 7 ON 8 requires 2/3N = 17*39 per cent. 

. To complete the decomposition it was found necessary to use a-batb 
of hot brine, and on cooling the contents of the flask, crystals'” of 
benzoic acid separated. •' T £ 

Behaviour towards Stannous Chloride. — With a cold 20 per centfr 
solution of the metal in hydrochloric acid the decomposition was vefy 
slow, and, even after heating daring two hours, the quantity of gas was 
deficient : 

0‘1586 gave 22*9 c.c. N 2 at 18° and 772 mm. N = 16*95. 

C 3 H 7 ON a requires 2/3N — 17*39 per cent. 

The aromatic product was not identified. 

The Semicarbazone . — An alcoholic solution of the triazoketone was 
mixed with aqueous semicarbazide acetate, the solid which separated 
during twelve hours being recrystallised from warm dilute alcohol : 
0*0895 gave 29*6 c.c. N 2 at 19° and 773 mm. N = 38*68. 

C g H 10 ON fi requires N = 38*52 per cent. 

The substance crystallised in colourless, silky needles, melting at 
127*5 — 128*5°. The reaction with concentrated sulphuric acid was 
very vigorous. 

The BromopAenylhydrazone. — The derivative crystallised from dilate 
alcohol in lustrous, yellow needles, melting at 114*5° : 

0*1079 gave 20*1 c.c. N„ at 19° and 768 mm. N — 21*64. 

C 14 H 12 N 5 Br requires N = 21*21 per cent. 


Triazoacetophenoneoxime, N^CH^C^NOHyCgH^. 

Triazoacetophenone was suspended in an aqueous solution of 
hydroxylamine prepared by exactly neutralising with sodium carbonate 
a slight excess of the hydrochloride ; alcohol was then added until, 
wth gentle warming, a clear solution was produced. After three 
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days in the dark, a pale yellow oil had separated, and this, after 
adding water, was extracted with ether, dried with sodium sulphate 
and freed from solvent in the vacuum desiccator. As in the case 0 f 
triazoacetone (Tran3., 1908, 93, 84), it was not found possible to 
crystallise the oxime, which was therefore analysed in liquid form ; 
0'1050 gave 28 4 c.c. at 18° and 771 mm. ^ = 31*70. 

C g HgON 4 requires N = 31*82 per cent. 

An attempt to produce the p-toluenesulphonyl derivative, which 
served to characterise triazoacetoxime (loc. cit,) t led to an uninviting 
black tar. 

Royal College of Science, London, 

South Kensington, S.W. 


XVI . — Organic Derivatives of Silicon . Part XII} 

Dibenzylethylpropylsiiicane and Sulphonic Adds 
Derived from It. 

By Frederick Challenger, B.Sc., and Frederic Stanley Kipping, 

When the study of organic derivatives of silicon was commenced by 
one of us, the principal object in view was the preparation of an 
optically active compound containing one asymmetric silicon group. 

After a short experience of the behaviour of silicon derivatives, the 
plan which seemed to offer the best prospect of success was to 
synthesise some asymmetric silico-hydrocarboD, SiRjRgRgR^ which 
could afterwards be sulphonated, and then to resolve the cW-sulphonic 
acid which would be thus obtained. 

In pursuance of this plan, pbenylmethylethylpropylsilicane, 
SiPhMeEtPr, and phenyl ben zylethylpropylsilicane, SiPhEtPr*CH 2 Ph, 
were first prepared* but on attempting to sulphonate these compounds, 
the phenyl group was eliminated as benzene and tertiary silicols were 
formed (Kipping, Trans., 1907, 91, 221). 

In the case of the phenyl benzyl derivative, this unexpected 
behaviour did not necessitate any change in the original scheme, as it 
was found that a sulphonic acid could be obtained from the benzyl- 
ethylpropylsilicol, CHgPh'feiEtPr'OH, which was produced from the 
silico-hydrocarbon. 

Further investigation showed, however, that thiB sulphonic acid was 
derived from the oxide, (SiBtPi-CH 2 Ph) 3 0, and therefore contained 
two asymmetric silicon groups ; this fact, of course, upset the original 
* i>aits X aQd Trans., 1909, 95, 302 and 489 respectively. 
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j aD but at the same time opened out an alternative one, for if the 
^sulphonic derivative of benzylethylpropylsilicyl oxide which was thus 
obtained proved to be the dl- and not the internally compensated com- 
pound, it plight be resolved into its optically active components. These 
possibilities were ultimately realised, and in later investigations the 
resolution of the homologous sulphonic acid derived from benzylethyl- 
wobutylsilicyl oxide, (C 4 H 9 *SiEt*CH 2 Ph) 2 0, was also accomplished 
pipping, Trans., 1907, 91, 234 • Luff and Kipping, Trans., 1908, 
93, 2090). 

These acids, which owe their optical activity to the presence of two 
asymmetric silicon groups, are the only active silicon compounds which 
go far have been described ; they hold this position, not because the 
original object has been abandoned, but because all attempts to attain 
it resulted in failure. 

Thus, during the progress of the experiments referred to above, two 
other asymmetric silico-hydrocarbons, namely, benzylmethylethyl- 
propylsiiicane, SiMeEtPr*CH 2 Ph, and benzylethylpropylisobutyl- 
gilicane, 0 4 H 9 *SiEtPr-CH 2 Ph (Kipping, Trans., 1907, 91 , 717; 
Kipping and Davies, Trans., 1909, 95, 69), were prepared and 
sulpbonated, and many attempts were made to resolve the cM-acids 
thus produced. Although, however, the externally compensated 
character of the acids could hardly be open to question, no definite 
evidence of their asymmetry was obtained on fractionally crystallising 
their salts with active bases. 

Our knowledge of asymmetric substances is still so incomplete that 
a reason for these repeated failures can hardly be suggested with any 
confidence. It seemed possible, however, that by preparing a com- 
pound in which the groups combined with the silicon atom were more 
widely different than those in the two acids under discussion, the 
chances of being able to accomplish a resolution would be increased. 

Now as most of the readily available alkyl and aryl halogen com- 
pounds had already been utilised in the preparation of the four 
asymmetric silico-hydrocarbons referred to above, the simplest way of 
obtaining a new asymmetric sulphonic acid of the desired character 
seemed to be to prepare a silico-hydrocarbon containing two benzyl 
groups and two different alkyl groups, and then to convert this com- 
pound into an asymmetric acid by sulphonating one of the benzyl 
groups. 

The present paper contains a record of the experiments which have 
led to the production of such an acid, namely, dibeDzyletbylpropyl- 
silicanemonosulphonic acid, CH 2 PjrSiEtPr*CH 2 *C fi H 4 *S0 3 H ; the 
disulphonic acid, SiEtPr(CH 2 *C 6 H 4 *SU 3 H) 2 , derived from the same 
silico-hydrocarbon has also been obtained. 

Dibtnzylelkylpropy Isdicane , SiEtPr(CH. 2 Ph) 2 , was prepared by the 
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interaction of benzy letbylpropylsilicy 1 chlori^KipjpiDg, .Trans., Jgoj 
91, 722) and magnesium benzyl chloride method, whi c ]j 

was afterwards adopted, consisted in preparing diben z'jplef h y 1 s | j 
chloride directly from etbylsilicon trichloride atd then treating 
product with magnesium propyl bromide. 

The compound thus obtained, like all those silico-hydrocarbong 
which contain a benzyl group, is readily attacked by ehlorosulphocic' 
acid at the ordinary temperature, and under suitable conditions ip 
yields a monosulphonic acid, which, however, is invariably accompanied 
by a disulphonic acid. It would seem that in both cases only one of 
the possible structural isomerides is formed in appreciable quantities, 
namely, the para-derivative. 

The isolation of these two sulphonic acids was by no means a simple 
task, but it was at last accomplished by two methods, namely, by frao- i 
tionally crystallising the mixture of strychnine salts, or of l- menthyl- 
amine salts, prepared from the product of sulphonation. Tha 
disulphonic acid, which has the symmetrical constitution given above, 
and is consequently of little interest, has not been examined muck 
further than was necessary for establishing its composition. Its, 
strychnine salt is more soluble in water than the salt of the mono- 
sulphonic acid, and decomposes from about 226°, Its Unenthylamm 
salt is practically insoluble in light petroleum, and melts at 205 — 208°. 
The ammonium, sodium, and barium salts are crystalline. 

The strychnine and the 1 -menthylamine salts of the eW-monosulphoiiic 
acid are not resolved during the prolonged course of fractional crystal- 
lisation which is necessary in separating them from the derivatives of 
the disulphonic acid. The strychnine salt crystallises well, and 
melts at 199°. 

The l-mmthylamine salt, 

CH 2 Ph*SiEtPr*CH 2 -C 6 H 4 'SO 3 H,O 10 H 21 N,2H 2 O, 

crystallises from moist light petroleum in lustrous plates, and is very 
similar in properties to the corresponding salts of the monosulphonic 
derivatives of benzylmethylethylpropylsilicane and benzylethylpropyl- 
teobutylsilicane. This fact was by no means promising, and seemed to 
indicate that attempts to resolve the new dJ-acid would be just as 
unsuccessful as those already recorded in the case of the acids just 
mentioned. Fortunately, however, the great uncertainty of conclusions 
based on analogy in dealing with asymmetric compounds was again 
illustrated, as, after a few failures, the acid was easily resolved into its 
optically active components. 

An account of the resolution experiments and of the properties 
of the active acids will be given in the near future. 
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. Experimental. 

preparation^ Dibenzyletkylsflicyl Chloride, SiEtCl(CH 2 Ph) 2 . 

Ltbylsilicon iriehloride (1 mol., 250 grams), diluted with about 
times its volume of dry ether, and magnesium powder (1 atom) are 
placed together in a large flask, which is provided with a tap-funnel, a 
Btirrer, and a suitable outlet tube. 

A little benzyl chloride (2 — 3 c.e.) and a small quantity of a# 
ethereal solution of magnesium benzyl chloride (prepared in a test*, 
tube) are now added, and the flask is gently warmed. In a short time 1 
a reaction sets in, accompanied by the separation of magnesium 
chloride, and, as soon as this reaction becomes fairly vigorous, the flask 
is immersed in melting ice and the stirrer is started. Benzyl chloride 
(2 mols.) is then run in drop by drop, an operation which occupies about 
two and a-half hours; when the whole of it has been added, the 
contents of the flask are heated under a reflux condenser during three 
to four hours. After cooling the product, the granular precipitate of 
magnesium chloride is separated by filtration in absence of moisture 
(compare Kipping, Trans., 1907, 91, 216) and is washed several times 
with dry ether ; on evaporating the combined ethereal filtrate and 
washings, there remains a yellow liquid, which fumes in moist air. 

This liquid is first roughly fractionated under 100 mm. pressure 
from an ordinary distillation flask. Very little passes over below 
165°, but between this temperature and 210° a fairly large fraction is 
collected. The thermometer then rises quickly to 238°, and another 
large fraction distils from 238° to 290°. Distillation may be continued, 
up to 320°, or even higher, but this fraction has been only superficially 
examined ; the dark green liquid which then remains in the flask is 
sometimes pasty, owing to the presence of magnesium chloride. 

By systematically fractionating the liquid boiling between 165° and 
210°, using a long-necked flask with a rod-and-disk column, benzyl- 
ethylsilicon dichloride (Kipping, Trans., 1907, 91, 720) is obtained as 
an oil boiling at 168 — 170°/100 mm. The rest of the original 
distillate when similarly fractionated yields a liquid passing over 
between 246° and 251°/70 mm., almost the whole of which, however, 
boils constantly at 249°. The yield of this product is 40 — 50 per cent, 
of the theoretical. The fractions boiling at about 300°/40 mm. contain 
a small quantity of tribenzylsilicyl chloride which separates in 
crystals on cooling. The fonnation of this substance is probably due 
to the presence of silicon tetrachloride in the ethylsilicon trichloride 
which was employed, and not to the displacement of an ethyl by a 
benzyl group ; from a longer experience of silicon compounds it 
is concluded that such displacements, at one time thought to be 
possible (Bobison and Kipping, Trans., 1908, 93, 440), do not occur. 

VOL. XCVIL L 
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The liquid boiling at 249°/70 mm. consists of dibenzylethylsili^j 
chloride. It was analysed by decomposing it with dilute ammonia ^ 
titrating the neutral solution with silver nitrate ; 1 c.c. =« 0003509 
gram Cl (Kipping, Trans., 1907, 91, 217) : 

0*9788 required 35*9 c.c. AgNO s . Cl = 12 8. 

Ci 6 H 1# ClSi requires 01 = 12*9 per cent. 

Dibenzylethylsilicyl chloride is an almost colourless oil, possessing 
especially when freshly distilled, a fine bluish-violet fluorescent 
, which is probably due to traces of impurity. It has an aromatic' 
pungent odour, fumes in moist air, and is rapidly decomposed b' 
water, giving dibenzylethylsilicol, which passes spontaneously 
dibenzylethylsilicyl oxide (m. p. 56°) when it 1 is kept over sulphuric 
acid for a week or two. 

Dibenzyl etkylpropylsUicane, SiEfcPr(CH 2 Ph) 2 . 

Dibenzylethylsilicyl chloride (1 mol., 170 grams) is mixed with an 
ethereal solution of magnesium propyl bromide (1^ mols.), and the 
ether is distilled off. Very little, if any, action takes place until most 
of the ether is removed, when a slight separation of magnesium chloro- 
bromide is observed. The mixture is then heated for about two 
hours at 140 — 180°, at the end of which time it is cooled and treated 
with water. The oil which separates is extracted with ether and 
fractionated under 90 mm. pressure. 

Distillation begins at about 250°, the thermometer quickly rising 
to 262°. Most of the product then passes over between 262° and 
270°, and only a small quantity of high boiling residue remains in the 
flask. After further fractionation, pure dibenzylethylpropylsilicane, 
boiling at 262— 2G5°/90 mm., is obtained. The yield is 70 to 80 per 
cent, of the theoretical ; 

0*1417 gave 0 4166 C0 2 and 0*1181 H 2 0. C = 80*17 ; 11 = 9*24. 

(A) * 0*2244 gave 0*0464 SiOg. Si = 9*7. 

(B) 0*1202 „ 0*0253 Si0 2 . Si = 9*89. 

C 19 H 26 Si requires C = S0*68; H = 9*2; Si= 10 05 per cent. 

The first samples of dibenzylethylpropylsilicane were prepared by 
the interaction of benzylethylpropylsilicyl chloride and magnesium 
benzyl chloride. Benzylethylpropylsilicyl chloride (1 mol., 20 grams) 
w added to an ethereal solution of magnesium benzyl chloride 
(1^ mols.), and, as no sign of a reaction occurs at this stage, the 
ether is distilled off and the residue is heated at about 140° during 
one to two hours. The pasty mass of oil and magnesium chloride 
is cooled and treated with water, and the oil extracted with ether. 

hen the crude product is distilled under 100 mm. pressure, it 
* A ami B were different preparations. 
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begins to boil ~afc about 210°, and from this temperature to 240° 
a little dibenzyl passes over; the thermometer then rises rapidly 
to 260°, and the silico-hydrocarbon begins to distil. From the liquid 
collected between 260° and 280°, dibenzylethylpropylsilicane is 
obtained by further fractional distillation : 

01948 gave 0-5790 C0 2 and 0-1628 H 2 0. C = 81*06 ; H = 9*3. 
0-4567 „ 0-0945 Si0 2 . Si*=9-73. 

C I9 E 25 Si requires C = 80*68 ; H = 9*2 ; Si - 1 0*05 per cent. f 

Although the yield by this method was very satisfactory, the task 
of preparing benzylethylpropylsilicyl chloride, even in an approxi- 
mately pure condition, is far more troublesome than that of 
preparing pure dibenzylethylsilicyl chloride ; for this reason, 
practically the whole of the silicane used in this investigation was 
obtained by the method described on p. 146. 

Dibenzylethylpropylsilicane is a colourless liquid with a beautiful 
violet fluorescence. It has a pleasant aromatic odour, and is lighter 
than water. It is miscible with most organic solvents. 

Sulphonation of DibenzyleihylpropyUUicane. 

Knowing from previous experience (Kipping, Trans., 1907, 91, 
223) that Bulphuric acid is not a satisfactory sulphonating agent 
in the case of the silico -hydrocarbons, cblorosulphonic acid was used 
in the sulphonation of dibenzylethylpropylsilicane, and, as it seemed 
very likely that both benzyl groups might be attacked, chloro- 
julphonic acid (l-£ mols.), dissolved in a large volume of chloroform, 
ivaa gradually added to the well-cooled silicon compound, also in 
chloroform solution. When nearly two-thirds of this solution had been 
run in, a test portion of the product was poured into water and the 
jhloroform was boiled off ; repeating this test at intervals during the 
addition of the cblorosulphonic acid, the aqueous solutions of the 
product gradually altered in character. At first they contained 
risible drops of unchanged silico-hydrocarbon ; later on, however, 
hey were clear and apparently free from oil while hot, but became 
ivhite and opaque when cooled, or they were white and opaque when 
hob but became quite clear on cooling. 

Thinking that solubility in water was sufficient evidence that 
julphonation, was complete, and as it was very important not to 
use too large a quantity of cblorosulphonic acid, the addition of, this 
reagent was generally stopped as soon as a sample of the product 
5&ve a clear solution in hot or cold water. Further investigation 
showed, however, that this test was not trustworthy, and that even 
w heu the sulphonation ^product gave a perfectly clear solution in 
ff&ter (after removing the chloroform by steam distillation), the 

L 2 
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solution might nevertheless contain considerable quantities of u Q , 
changed silico-hydrocarbon ; it was also found that .when even the 
theoretical quantity (1 mol.) of chlorosulphonic acid was employed, * 
considerable quantity of disulphonic acid was formed. 

In these circumstances various proportions of chlorosulphonic acid 
were tried, and the following method of preparation was finally 
adopted. 

A solution of the hydrocarbon (b. p. 262 — 266°/90 mm.) i n 
chloroform (6 vols.) is cooled in ice, and a solution of chlorosulphonic 
acid (1| mols.) in chloroform (12 vols.) is added to it drop by drop 
while a rapid stream of dry carbon dioxide is passed through the 
mixture. Hydrogen chloride is evolved almost immediately, and the 
liquid soon assumes a red colour, which darkens slightly as the 
process continues. 

After keeping the mixture at 0° fora short time, it is poured on ice 
and, from the very slowly settling emulsion thus obtained, the 
chloroform is separated by steam distillation. 

If the distillation is continued after all the chloroform has beea 
removed, oil continues to pass over in small quantities during two or 
three hours. This oil is more quickly separated by extracting with 
ether ; it consists almost entirely of unchanged dibenzyletbylpropyl- 
silicane, but sometimes contains relatively very small quantities of 
dibenzylethylsilicyl oxide (m. p. 56°)<a fact which seems to show that 
the not very highly purified samples of the silico-hydrocarbon used in 
the preparation of the sulphonic acid contained small [quantities of 
dibenzylethylsilicol. 

The almost colourless aqueous solution of the sulphonic acid, which 
has been exhaustively extracted with ether, does not show the 
peculiar behaviour referred to above, which, therefore, must be 
attributed to the presence of the silicane. It is very remarkable, 
however, that the silicane should dissolve in an aqueous solution of 
the sulphonic acid. 


Isolation of the Sulphonic Acids. 

Many difficulties were met with in attempting to isolate the 
sulphonic acids produced in the manner described above. The 
ammonium salt was first prepared and freed from mineral salts by the 
method previously used in other cases (Kipping, Trans., 1907, 91, 
225), but the crude salt was a syrupy or pasty substance, and could 
not be obtained in crystals, from the crude ammonium salt, many 
salts of organic bases were obtained by precipitation * of these, the 
strychnine salt alone gave crystalline deposits from suitable solvents^ 
and consequently this base was first employed for the purpose in view. 
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j D later experiments, when the properties of the sulphonic acids were 
^own, /menthylamine wag used instead of strychnine, but as there 
j g little to choose between the two methods, they are both described. 

Method /.—The aqueous solution of the product of sulphonation is 
neutralised with sodium carbonate and treated with a concentrated 
gelation of strychnihe hydrochloride. The precipitate which is first 
produced dissolves on stirring, and, after some time, the solution; 
acquires the appearance of raw white of egg, but on adding mot;e. 
strychnine hydrochloride a yellow oil is precipitated. The almost 
clear supernatant liquid is decanted, and the oil is then stirred with a 
little more of the solution of strychnine hydrochloride, after which it 
is extracted five or six times with boiling water and, lastly, with hot 
8 per cent, aqueous acetone. 

The remaining oil ie then dissolved in alcohol, the solution diluted 
-with about half its volume of water, and cooled in ice ; the crystalline 
deposit which is thus obtained is further purified by repeated crystal- 
lisation from aqueous alcohol, and finally from anhydrous ethyl acetate 
containing a trace of acetone. This product is the strychnine salt of 
rfWibenzylethylpropylsilicanemonosulphonic acid. 

The aqueous extracts of the crude strychnine salt, and also those 
obtained with 8 per cent, aqueous acetone, deposit white, asbestos-like 
needles, together with a considerable proportion of oil. After 
separating the crystals by the aid of tho pump, the oil is again 
extracted twice with hot water, by which means a further quantity of 
the crystalline compound is obtained. The insoluble oily residue then 
consists principally of the strychnine salt of the monosulphonic acid, 
and is treated accordingly. 

The salt which is soluble in hot water is dissolved in acetone, which 
contains a very small proportion of water, and the solution is allowed 
to evaporate spontaneously. The substance which is then deposited, 
after having been recrystallised from methyl alcohol, consists of the 
strychnine salt of dibenzylethylpropylsilicanedisulphonic acid. 

Method II , — The aqueous solution containing the sodium salts of 
the sulphonic acids is treated with excess of a solution of /-menthyl- 
amine hydrochloride, and the precipitated oil is washed with water • 
this oil is then repeatedly extracted with boiling light petroleum 
(b. p. 40 — 60°), From these extracts the crude /menthylamine salt 
of d/dibenzylethylpropylsilicanemonosulphonie acid is deposited in 
lustrous plates on cooling and stirring well with a little water. * This 
salt, however, still contains some f-menthylamine Balt of the di- 
swlphonic acid, from which it is separated by repeated recrystallisaiion 
from moist light petroleum. In these operations, petroleum of very 
low boiling point gives the best results, because, although the pure 
i-menthylamine salt of the disulphonic acid is insoluble even in light 
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petroleum boiling at 60— 80°, it dissolves to a considerable extent in 
presence of the salt of the monosulphonic acid. 

That portion of the precipitated oil which is insoluble in light 
petroleum is dissolved in a small quantity of methyl alcohol, and 
treated with ethyl acetate until the well-stirred solution becomes 
very slightly turbid. If kept over sulphuric acid, nodular masses of 
the J-menthvIamine salt of dibenzylethylpropylsilieanedieulphomc 
acid are deposited. From the mother liquors, a further amount of the 
/-menthylamine salt of the ^-monosulphonic acid can be obtained by 
evaporating them and extracting the residue with light petroleum. 


Strychnine d^-Dibenzyhthylpropyhilicanemonosxdplwnate, 

This salt separates from aqueous alcohol or aqueous acetone in 
hydrated crystals, which melt below 100° and contain 3 moleculeg 
of water : 

0*9125 of air-dried salt lost 0*0686 H 2 0. H 2 0=s7-5. 

C 40 H 48 O 5 N 2 SSi,3H 2 O requires H 2 0==7‘2 per cent. 

When the hydrated salt is dissolved in ethyl acetate it quickly 
separates again in colourless needles, which still contain water of 
crystallisation and lose weight at 100°. 

When heated, these do not soften until 160°, but resolidify above that 
temperature, and then melt at 199°, the melting point of the anhydrous 
salt. 

The anhydrous salt was analysed ; 

0-1592 gave 0-4044 C0 2 and 0-0970 H s O. 0-69-2; H = 6-7. 
0-8305 „ 0-0717 Si0 2 . Si = 4-06. 

C 40 H 48 O 5 N 2 SSi requires C = 68*9; 11 = 6-94; Si = 409 percent. 

The anhydrous salt is only very slightly soluble in dry ethyl 
acetate, but dissolves readily in acetone, ethyl or methyl alcohol, 
chloroform, or toluene. It crystallises in leaflets from benzene, in 
which, however, it is very soluble. Short, stout, prismatic needles are 
obtained from a mixture of ethyl acetate and acetone. Light 
petroleum and ether have no solvent action. 

The specific rotation of the anhydrous salt was determined in 98 
per cent, methyl-alcoholic solution ; 

0*8771, made up to 25 c.c., gave, in a 2-dcm. tube, a - 0*58°; whence 
[a] D -8-26°. 

In spite of the fact that the isolation of this strychnine salt is only 
accomplished after a very laborious series of crystallisations from 
two solvents, the preparation melting at 199° is not a resolution 
product of the d?-monosul phonic acid, as will be shown later. 

Conclusive evidence that the salt is really derive^ from dibenzyh 
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etby)propylsilicanem°n°sulphonic acid is afforded by the results of 
joalysea of several other compounds prej^ad in the course of this 
investigation. 

Strychnine Dibenzylethylp'opylsUicanedmdphonate , 

The pure preparations of this compound, isolated in the manner 
already described, consist of a white, gritty powder, which turns brown 
a t 226° and melts completely at 231°, above which temperature it 
rapidly decomposes. 

Under the microscope it is seen to consist of short, rather ill- 
defined, prismatic needles : 

0-1894 gave 0*4559 C0 2 and 0*1170 H 2 0. C-65‘63 ; H-6*86. 

01780 „ 0*4293 C0 2 „ 0*1098 H 2 0. C = 65*78 ; H = 6*86. 

C 6l H 70 O 1() N 4 S 2 Si requires 0-65*8 ; H = 6*35 per cent. 

Owing to the slight solubility of the salt in 98 per cent, methyl 
alcohol, the specific rotation was determined in 90 per cent, methyl* 
alcoholic solution : 

0*6162, made up to 25 c.c., gave, in a 2-dem. tube, a - 0*75° ; whence 
[a] D -15*21°. 

Although the strychnine salt of the disulphonic acid might be 
expected to have a higher specific rotation than that ([a]& -8*26°) of 
the salt of the monosulphonic acid, it seemed probable that the very 
great observed difference might be due to the different proportions 
of water in the methyl alcohol employed in determining the two 
values. 

This conclusion was confirmed by determining the specific rotation 
of strychnine dibenzylethylpropylsilicanedisulphonate in methyl 
alcohol containing 36 per ceufc. of water : 

0*5298, made up to 25 c.c., gave, in a 2-dcm. tube, a - 0*95° ; whence 
[«]d -22*4°. 

The salt is very sparingly soluble in cold methyl or ethyl alcohol, 
but is moderately soluble in the hot solvents, and also in boiling 
water ; in ethyl acetate, acetone, benzene, and light petroleum it is 
practically insoluble, but it dissolves freely in chloroform and in 
aqueous acetone. The crystals deposited from aqueous solutions melt 
at about 110°, and are doubtless hydrated, as, when dried at 100°, 
their melting point rises to 226 — 231°. 

1 -Menthylamine dVDibenzylethylpropyhiUcammonosulphonate. 

This salt crystallises from moist light petroleum in highl lustrous 
plates containing 2 molecules of water of crystallisation. The 
hydrated salt liquefies at temperatures far below 100°, but when 
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kept over sulphuric acid |t. is completely dehydrated, .^kithen melts 
at 99°: , 

1-3661 lost 0*0855 H 2 0. H 2 0 = 6*26. 

C 20 H o°3 NSSi)2H 2° re( l uiros H 2° “ 6 * 55 P er ceixt * 

,Thfequivalent of the anhydrous salt was determined by boiling 
'with excess of iV/50-sodium carbonate and then titrating with hydro- 
chloric acid, using litmus as indicator. This method gave the value 
516-4, that required by theory being 517 ‘8. 

The molecular weight of the anhydrous salt was determined by the 
cryoscopic method in benzene solution : 

Substance. Solvent. E. M.W. 

*' 0795 .gram 17 ‘6 grams 0'12 1875 

The calculated value is 517*8. 

The molecular weight was also determined by the ebullioscopic 
method in methyl-alcoholic solution : 


Substance. 

Solveut. 

E. 

m.w; 

0*089 gram 

70'0 grams 

0*035 

305 

0-207 „ 


0*075 

332 

0*348 „ 


0*130 

322 

0*723 „ 


0-260 

334 

1-006 „ 


0*360 

336 


These results correspond with those given in benzene and in methyl- 
alcoholic solutions respectively by the Z-menthylamine salt of benzyl- 
methylethylpropylsilicanesulphonic acid (Kipping, Trans., 1907, 91, 
737), and as the salt is doubtless highly ionised in the latter solvent, 
the observed values are such as might have been expected. 

The specific rotation of the anhydrous salt was determined in 
methyl-alcoholic solution : 

0*707, made up to 25 e.c., gave, in a 2-dcm. tube, a - 0*76° ; whence 
[4> - 13*4°. 

1 -Menthylamim d\-dibenzyhthylpropylsilicanevionosulphonate is in- 
soluble in water, but dissolves freely in all organic solvents. It may 
be recrystallised from aqueous alcohol and from aqueous acetone, but 
by far the most suitable solvent is petroleum of low boiling point; 
from this liquid the hydrated salt separates almost completely on 
cooling, but if the solution is boiled for some time, water is expelled, 
and the solution of the anhydrous salt does not deposit crystals until 
it has been stirred with water. * 

Metallic Salts of dS-DibenzylethylpropylsilicanemonosulphoJiic Acid, 

The sodium salt was prepared by decomposing the pure £-mentbyl- 
amine salt with a slight excess of sodium carbonate and distilling off 
the liberated base in steam ; the very great frothing which occurs in 



ORGANIC DERIVATIVES OF SILICON. PART XII. 


153 


v.-,:.- ' > ' t..-. ! \ ‘ • 

the Utter operation may be overcome by dropping alcohol continuouslv 
into _ 

On neutrilisiijg tbe residue with a few^drops of acetic acid and 
evaporating, a soapy mass separates from the cold concentrated solution, 
but on adding water again and leaving the solution at the ordinary 
temperature, the salt is deposited in crystals ; it is fairly readily 
soluble in cold water, and extremoly so in alcohol. It is precipitated 
from its aqueous solution by sodium hydroxide, carbonate, or acetate. 

The ammonium salt was obtained from the pure strychnine salt 
as a sticky mass on evaporating its aqueous solution. It is more 
readily soluble in water than the sodium salt, and its solution froths 
readily. • 

The barium salt was precipitated in flocculent, oily masses when, a 
solution of tho sodium salt was treated with a solution of barium 
chloride. It is only sparingly soluble in cold water or alcohol, but 
dissolves fairly readily in warm aqueous alcohol. 

l-Menthylamine DibenzylethylpropylsilicaMdmdphoncUe. 

This salt crystallises from a mixture of ethyl acetate and methyl 
alcohol in nodules, which contain water of crystallisation, but which, 
when anhydrous, melt at 205 — 208°. 

The anhydrous salt is readily soluble in ethyl and methyl 
alcohols, but is insoluble in water, acetone, ethyl acetate, light 
petroleum, or benzene. 

Metallic Salts of the Disidphonic Acid. 

The ammonium salt of the disulphonic acid was prepared by treating 
a warm alcoholic solution of the strychnine salt with excess ‘of 
ammonium hydroxide; on evaporation of the filtered solution it 
remained as a yellow solid, which was purified by recrystallisation 
from a mixture of ethyl acetate and methyl alcohol. It was thus 
obtained in lustrous plates, readily soluble in the common alcohols 
and in cold water, but insoluble in ethyl acetate, acetone, or light 
petroleum. 

The equivalent of the compound was determined by boiling the 
salt with excess of iVy50-sodium carbonate, and then titrating the 
solution with acid. The results obtained were 239‘4 and 237 4, the 
theoretical value being 238 “4. 

The sodium salt forms stellate crystals, and is readily soluble in 
water, fairly so in alcohol. In benzene, ethyl acetate, or acetone it 
is insoluble. 

The barium salt was precipitated as a granular powder on adding a 
solution of barium chloride to a neutral solution of the ammonium 
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salt. It is sparingly soluble in water, and crystallises well from 
aqueous alcohol : 

0*3594 gave 0*1 445 BaS0 4 . Ba = 23*67. 

c i A A s 2 SiBa rec i uires Ba = 23 ‘ 76 p 61 cent * 

The authors are indebted to the Government Grant Committee of 
the Royal Society for a grant in aid of this research. 

University College, 

Nottingham. 


XVII . — The Influence of Various Substituents on the 
Optical Activity of Tar tr amide. Part III. Halogen- 
substituted Anilides. 

By Percy Faraday Frankland and Douglas Frank Twiss. 

In a previous communication (Trans., 1906, 89, 1852) we have 
given a list of the molecular rotations of the known tartramide 
derivatives, including the anilide and toluidides. In extension of 
this work we are now recording the results obtained with the chloro- 
anilides and bromoanilides of tartaric acid, since it is of interest to 
study further the effect of substituents in the benzene ring of the 
anilide radicle. Previous investigations on asymmetric substances 
containing the benzene ring substituted in the different possible 
positions (for a list of papers see A. W. Stewart's Stereochemistry , 
p. 95 ; Betti, Gazzeita , 1907, 37, i, 62 ; and Pickard and Littlebury, 
Trans., 1907, 91, 300) have elicited the general result that the 
rotation of the isomerides stands in the order para — > meta — > ortho, 
exceptions being comparatively rare (compare Goldschmidt and Freund, 
Zeitsch. phyeikal. Chem ., 1894, 14, 394; also Frankland and Barrow, 
Trans., 1909, 95, 2031). The bromoanilides and cbloroanilides 
described ip this paper form no exception to the general rule, as is 
shown by the table given later. 

In a previous communication on the ethyl and methyl esters of the 
o-, mr } and p-toluoyltartaric acids (Frankland and Wharton, Trans., 1896, 
69, 1309 and 1583), it was also pointed out that the relative rotations 
of the ortho-substituted and of the unsubstituted aromatic compounds 
respectively appear to depend on both the centre of gravity of the 
chain attached to the asymmetric atom, and also on the increase in 
mass of the chain. If the loss in leverage is not compensated 
sufficiently by the increase in masSj the rotation of the substituted 
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molecule will be less than that of the unsubstituted ; this was the 
case with the substitution of methyl in the ortho-position in benzoyl- 
tartaric esters. 

In the case of the anilides of tartaric acid, the substitution .of 
methyl, bromine, or chlorine in the ortho-position lowers the molecular 
rotation ; in the meta-position, the substitution of methyl causes a 
slight diminution, but the heavier chlorine or bromine an increase 
in the molecular rotation. This Tesult is in all probability due mainly 
to the effect of the superior mass of the bromine and chlorine atoms, 
but may also be assisted to some extent by the negative character of 
these atoms, as explained later. 

The following table gives the values for the molecular rotations (in 
pyridine solution) of the chloroanilides and bromoanilideB, together 
with those already published for the toluidides and the anilide, the 
latter being included for the sake of comparison. 


(M]f 
diauilide. 
+ 739° 


[M]f 

ditciluidide. 
ortho +667° 
meta +730 
para +793 


[M]f 

dibromoanilide. 
+ 652° 
+867 
+886 


[MJf 

dichloroanilidc. 
+ 709* 

+ 824 
+ 838 


A remarkable fact shown by these numbers is that, whilst the 
replacement of the ortho-hydrogen atom by methyl causes a lowering 
in the molecular rotation, replacement by the heavier substituent 
chlorine causes a much smaller decrease, and even the bromine atom 
hardly lowers the rotation of tartranilide more than the methyl group. 
Again, it is noteworthy that in the series tolaidide — bromoaailide 
— > chloroanilide, the difference between the values of the meta- and 
para-isomerides becomes less. This effect, together with the one 
previously mentioned, is possibly due to the increase in the negative 
character of the substituent; we would suggest that the negative 
substituent in the meta-position of the benzene ring is attracted 
(probably by one of the hydrogen atoms in the tartaric acid nucleus) 
in such a direction that the resulting distortion increases the asym- 
metry, whilst with the negative atom in the para-position the differently 
directed attraction causes such distortion that the asymmetry is 
decreased. Thus the more negative the substituent, the more closely 
will the rotations of the meta- and para-isomerides approximate to 
one another. That this explanation is at least a reasonable one is 
seen by constructing a graphic formula of the most compact configura- 
tion of the molecule, with the bonds drawn to the correct angles and 
to lengths in accord with Traubo’s atomic volumes. In such a formula ' 
the chain OCH-CONHPh of the molecule 

NHPh'CO*CH(OH)*CH(OH)*CO‘NHPh 
will be found to form an almost closed ring, the hydrogen attached 
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to the ono asymmetric carbon atom falling near the iienzeno ring and 
actually between ^the mota- and para -positions of the chain attached 
to t^e other asymmetric atom. Any attraction between this hydrogen 
atom and a halogen atom in the para-position of the benzene ring will 
cause 'an increased compactness of the molecule, and so lessen the 
asymmetry. On the other hand, an attraction between this hydrogen 
arid a negative atom in the meta- position will lead to a distortion 
outwards] from the tartaric nucleus, and so cause an outward displace- 
ment of the CO-NH-O p H 4 X chain, with a corresponding increase in 
asymmetry. 

A halogen atom in the ortho-position would probably be so far 
removed from the hydrogen of the other asymmetric atom that the 
attraction would be much less ; nevertheless, the experimental results 
seem to indicate that even this has an appreciable effect in increasing 
the asymmetry. 

In connexion with this hypothesis it is of interest to compare the 
rotation of the ?n~iodotartranilide * with that of the other meta- 
substituted tartranilides. 

Di- Dichloro* Dibromo- Di-iodo- 
Diunilide. toluidide. anilide. anilide. anilide. 


[Mj 3 ^ (in pyridine solution] 

Increase in rotation 

Increase in mass (for one 
chain) 



The increase in [M] D is greatest for one of the smallest changes in 
mass, and it is remarkable that it is between the neutral methyl and 
the negative chlorine. For the increase in optical activity between 
the chloro- and brorao-anilide, the mass-increase is the cause, the 
inferior negativity of the bromine atom reducing the [M] D and so 
giving rise to a smaller increment in activity. Again, the diminished 
negativity of the iodine atom would be the reason for the greatest 
increase in mass (47) being attended, nevertheless, by the smallest 
increment in activity. 

In the preparation of the compounds described in this paper, great 
care was taken to ensure a pure product. Each substance, where 
possible, was prepared in two ways (from the free acid and from the 
methyl ester), and the product was in each case recrystallised until of 
constant specific rotation. The majority of the rotations were 
measured in approximately 5 per cent, solution in dry pyridine at 20°. 
Concentration was found to have little influence on the optical activity. 
The substances were all crystalline solids of high melting point 
(185-276°). 


Prepared by Mr. Norton in this laboratory j this, with other iodoanilides, 
will form the subject of a future communication. 
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EXPEBIJLEliTA&r , 

Tdriarodi- p- bromoamlide. 

This was prepared by heating together powdered tartaric acid and 
p-bromoaniline (Kahlbaum) in theoretical proportions at 150 — 160° 
for fifteen hours. After extracting with boiling dilute hydrochloric acid 
and with water, the residue was repeatedly crystallised from a mixture 
0 f alcohol and pyridine (7 : 3 by volume), . 

The following figures 9how the rotation observed in pyridine solu-, 
tion : 

p. d 2074°. I (dm). of. [a]f. [M]f. 

4-902 1-0004 1*998 + 18-95* + 193-4* +880° 

The substance was also prepared by heating together theoretical 
proportions of methyl tartrato and p-bromoaniline to 130— 140° for ten 
hours, After similar purification to that described above, the product 
gave the following rotation in pyridine solution : 

4-908 1-0003 1*998 +18 *95* +193-2* +885* *, 

The rotation in methyl alcohol is not suited for exact measurement 
on account of the low solubility of the substance ; the result, however, 
indicates a distinctly lower rotatory power than that in pyridine 
solution : 

0-1359 0-792 3'899 +0*76° +181 T° +829" 

The specimens of bromoanilide prepared by the above methods had 
the same melting point, namely, 264° with decomposition; the 
substance forms slender crystals (elongated flat plates), which become 
matted together so as to give rise to a tough white solid resembling 
paper. It is insoluble in water, sparingly soluble in most of the 
ordinary solvents, but readily so in pyridine : 

0-2429 gave 12-68 c.c. N 2 (moist) at 11-8° and 754 mm. N = 6*12, 
C l6 H 14 0 4 N 2 Br 2 requires N = 6 12 per cent. 


Tarlarodi-m-bromoanilide. 

As with the para-compound, this was prepared by the two 
independent methods. The tartaric acid and m-bromoaniline 
(Kahlbaum) were heated to 150 — 160° for ten hours, and the methyl 
tartrate and base to 130 — 140° for the same period. The product is 
more soluble in alcohol than the para-compound, and, after extraction 
with dilute hydrochloric acid, was purified by recrystallisation from 
this solvent. 
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The following numbers give the rotation observed in pyridine 
solution : 

(а) Preparation from tartaric acid and m-bromoaniline : 

y. d 2074°. Z(dm a). «f. Mf- 

' 4'817 0 '3995 1*998 +18*22° +189*4 +867° 

(б) Preparation from methyl tartrate and m-bromoaniline : 

4*835 0*9994 1*998 +18*28° +189*3° +.867° 

The rotation of the specimen prepared from tartaric acid was also 
measured in methyl-alcoholic solution 

0*9862 0*7981 3*899 +4*74° +154*5° +707° 

The m-bromoanilide crystallises in small, bard, flat plates, which 
melt at 220° with slight decomposition : 

0*2716 gave 14*3 c.c. N 2 (moist) at 13° and 753 mm. N = 6*14. 

Ci 6 Hi 4 0 4 N 2 Br 2 requires N = 6*12 per cent. 


Tartarodi-o-lromoanilide. 

This substance was prepared only from tartaric acid and o-bromo- 
aniline, the mixture of methyl tartrate and o-bromoaniline undergoing 
extensive decomposition on heating. Approximately theoretical 
proportions of tartaric acid and o bromoanitine (from reduction of 
o-bromonitrobenzene : Fittig and Mager, jSer., 1874, 7, 1179) were 
heated to 150 — 160° for twenty hours. The resultant mass was 
purified by treatment similar to that in the previous cases, and, finally,, 
repeatedly recrystallised from a mixture of alcohol and water (3 : 2 by 
volume) with simultaneous decolonisation by animal charcoal. 

The optical activity was measured in pyridine and in methyl 
alcohol : 


(a) In pyridine : 


V- 

d 20°/4°. 

l (dins.). 

a f. 

W- 

[M]f. 

6*604 

1-0076 

0 999 

+ 9-46* 

+142-3° 

+ 652° 

4*572 

0*9989 

0*999 

6-53 

143-1 

656 

(6) In methyl alcohol 





3*363 ’ 

0-8076 

0*999 . 

+ 3*21° 

+ 118-3° 

+ 542° 

0*9402 

0-7964 

2*993 

2*71 

120*9 

554 


The 0 *bromoanilide consists of colourless, thin, rectangular needles, 
which melt at 193° without decomposition ; it is very soluble in 
pyridine and in hot alcohol, and sparingly so in hot water : 

0*2410 gave 12*9 c.c. N 2 (moist) at 17*5° and 745 mm. N = 6*04, 
0 lfi H u 0 4 N 2 B r 2 requires N = 6*12 per cent. 
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Twrtarodi'p-chloroanilide . 

The method of preparation was similar to that of the corresponding 
bromoanilide ; the substance was purified by recrystallisation from ft 
mixture of 1 volume of pyridine to 3 of alcohol. 

Preparation from tartaric acid, in pyridine solution : 

p. d 2074°, l (dms.), [a]f. [MJf. 

4-605 0-9939 1*998 +20*77° +2271° +838° 

Preparation from methyl tartrate, in pyridine solution : 

5*015 0-9957 0'999 +11 *34° +227*3“ +839° 

The rotation in methyl-alcoholic solution was much lower than that 
observed in pyridine, although the low solubility increases the 
probability of error in the specific rotation : 

01749 0*7943 3‘899 +1-00° +196° . +722° 

The ^-chloroanilide forms needle-shaped crystals, melting and 
decomposing at 276°: 

0-2035 gave 13*6 c.c. N 2 (moist) at 12*6° and 748 mm. N = 7*75. 

C 16 H 14 0 4 N 2 C1 2 requires N = 7*59 per cent. 

Tartarodi-m-chloroanilide. 

The reaction, both in the case of the preparation from the acid and 
m-chloroaniline (Kahlbaum), as well as in that from the ester and base, 
appeared to proceed less rapidly than in the production of ro-bromo* 
anilide, and involved heating for sixteen hours. After the usual 
preliminary treatment, the product was recrystallised from a mixture 
of 1 volume of water with 3 of alcohol. 

The specimen from tartaric acid and m-chloroaniline gave the 
following rotation in pyridine solution : 


?• 

d 2074°. 1 (dms.). 

a 20 ”. 

Wf. 

[M]f. 

4-966 

0-9953 0-999 

+ 1103° 

+ 223-4 c 

+ 824° 

1-746 

0*9829 2-993 

11-42 

222-3 

820 

whilst that 
figures : 

from methyl tartrate 

and the 

base gave the 

following 

4-865 

0-9949 0-999 

+ 10 80° 

+ 223-4° 

+ 824° 

The rotation in solution in methyl alcohol 

was as follows : 


1-504 

07971 2-993 

+ 6'54“ 

+182*3° 

+ 673° 


Tar larod i-m-chloroanilide crystallises in thin, fibrous needles, which 
melt and decompose slightly at 212° : 
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0-2035 gave 13*7 c.c. N a ' (moist) atl3 Q ;and mm, .*$),»■ 7-*66. 

■ »-»*• « 

Twrtarodi-o-chtoroariilide .* 

As in the case of the : corresponding o-bromoanilide-, the preparation 
of this substance was attended with more difficulty than that- 6f, the 
meta-compound ; the mixtures had to be heated for twenty hours, and 
the yields were inferior to those obtained in the case of any of the 
other anilides. The yield from the ester was particularly poor, the* 
crude product being a black, pasty mass. For the recrystallisation a 
mixture of one part of water to two of alcohol was employed. 

The following are the rotations obtained in pyridine solu^on : 


(a) Specimen prepared from tartaric acid : 


P‘ 

d 20 o /4 0 . 

Z (dms.). 


Wf. • 

[M If. 

4*881 ■ 

0*9944 

0*999 

+ 9*32° 

+ 192*2° 

+ 709° 

1*392 

0*9816 

2*993 

7*89 

192*9 

712 

(b) Specimen from methyl tartrate : 



5*060 

0*9940 

0*999 

+ 0*65° 

+ 192*1° 

+709° 


The optical activity was measured also in methyl alcohol : ^ 
1*524 0*7980 2*993 + 5*98 Q +164*3° +605° 


The o-chloroanilide crystallised in long, narrow plates, melting at 
185°. It is sparingly soluble in hot water, but very soluble in pyridine 
and in hot alcohol : 

0*2067 gave 13*75 c.c. N 2 (moist) at 14° and 748 mm. N = 7*67. 
0 1 a Hj r ®^ u i re8 N = 7*59 per cent. 

University, 

Birmingham. 
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W ^THOMSEN, MEMORIAL* LECTURE. 

Delivered on ‘Eebeuaiiy 17th, 1910. 

Edwaed; Thorpe, C.B., LL.D., F.R.S., . Past-Bresident,of the 
Chemical Society. 

the Danes whose names are inscribed as men of science on 
nal bead-roll of fame, that of Julius Thomsen stands pre- 
— linked indeed with that of Oersted. It is significant of 
ition which Thomsen acquired in physical science, and of 
•ect which that position secured for him in the eyes of his 
men, that, his statue should have been erected during his 
and placed in Jthe vicinity of that of Oersted in the court- 
the Polytechnic High School of Copenhagen. Thomsen, in 
tyeef many parts in the intellectual, industrial, and social 
nent of Denmark. To Europe in general he was mainly 
is a distinguished man of science. By hi9 fellow-citizens he 
her recognised as an educationist of high ideals, actuated 
'ong common sense and a stern devotion to duty; as an 
1 sagacioifs administrator; as a successful technologist and 
tor of an important and lucrative industry based upon his 
loveries; and as a man of forceful character, who brought 
ority, skill, and knowledge of men and affairs to the service 
Dmmunal life of Copenhagen. 

;en was a municipal councillor of that city for more than 
of a century. He occupied a commanding position on the 
and was invariably listened to with respect. The gas, 
ad sewage works of Copenhagen are among the monuments 
uric activity. From 1882 up to the time of his death he 
ember of the Harbour Board of the port. In these respects 
l sought to realise Priestley’s ideal of the perfect man — that 
d he a good citizen first and a man of science afterwards. 
Peter Jurgen Julius Thomsen was horn in Copenhagen on 
y 16th, 1826. He was educated at the church school of 
r in that city, and subsequently at von Westens Institute, 
he commenced his studies at the Polytechnic, and in 1846 
id there in Applied Science, and became an assistant -to 
r E. A. Scharling. Of his earliest years comparatively 
known.* Thomsen, always a reserved and taciturn man, 
ittle about himself even to his intimate friends — and least 
iout the days of his, youth. • It was .mown to a few that 
ys had. not been smooth. Those who were best informed 
XCV1I. M 
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were conscious that to these early struggles much of that dour and 
resolute nature which formed a distinguishing trait in his character 
due. Thomsen, indeed, began life" as a fighter, 1 and, a fighter 
he remained, to the end of his four-score years. 

In 1847, he became assistant to Forchhammer, passing rich, fik 
Goldsmith’s pedagogue, on £40 a year. Georg Forchhammer, whose 
earliest work dates back to the period when Berzelius was in U 
prime, was an active and industrious investigator of the old scifool 
mainly in inorganic chemistry, and more particularly on problems 
of chemical geology and physiography. He was a frequent visitor 
to this country, and was well known to early members of tk 
British Association. Although doubtless influenced, in conunoa 
with all teachers in Northern Europe, by the example and method 
of ^Berzelius, such influence as he himself was able to exert died 
with him. Forchhammer attracted few pupils, and created m school, 
and Thomsen probably derived no inspiration or acquired anr 
stimulus from this association. For a time Thomsen supplemental 
his scanty income by teaching agricultural chemistry -• at tk 
Polytechnic. In 1853 he obtained a travelling scholarship, and 
spent a year in visiting German and French laboratories. He 
probably owed this scholarship in great measure to his first con- 
tribution to the literature of chemistry, namely, his memoir, 
“ Bidrag til en Therinochemisk System ” (contributions to a thermo- 
chemical system), communicated to the Royal Society of Sciences 
of Copenhagen in 1852, and for which he received the silver medal 
of the Society and a sum of ten guineas to enable him to procure 
a more accurate apparatus. In this memoir he sought to develop 
the chemical side of the mechanical theory of heat, doubtless’under 
the influence of Ludwig Augustus Colding, an engineer in tk 
service of the Municipality of Copenhagen, and a pioneer, life 
Mayer, in the development of that theory. Indeed, the Banes do? 
claim for Colding, who had made experiments on the relation 
between work aud heat as far back as 1842, but whose labofirs tor 
practically ignored by his contemporaries, the position which ft 
Germans assign to Mayer (see Mach’s “ Development of the Theor 
of Heat”). In 1861 Thomsen further developed his ideas in s 
memoir on the "General Nature of Chemical Processes, and on > 
Theory of Affinity Based Thereon/’ published in the Transactions o 
the Banish Academy of Sciences. In this paper he laid tto 
foundations of the chief scientific woTk of his life. 

In 1853 Thomsen patented a method of obtaining soda froffi 
cryolite, so-called " Greenland,” or ice-spar, a naturally occurrins 
fluoride of sodium and aluminium, Al 2 F fi ,6NaF, found largely 
indeed, almost exclusively, in Greenland, and particularly i> 
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icrtut It derives its mineralogical k name , from its ice-like 
pearanco and ready, fusibility even in the flame of a candle. JLfc 
>ms to Have been first brought to Europe in 1794, and to haro # 
en described by Schumacher in the following year. Klaproth 
st showed that it contained soda, and its composition was further 
,ahlished by Vauquelin, Berzelius, and Deville. 

Thomsen’s process consists in heating a finely divided mixture of 
polite and chalk in a reverberatory furnace, whereby carbon 
jxide is expelled and calcium fluoride and sodium aluminate 
e formed. The roasted mass is lixiviated with water, so as 
dissolve out the sodium aluminate, which is then treated with 
rbon dioxide. Alumina is precipitated, and sodium carbonate 
mains in solution. The alumina is either sold as such, or cou- 
rted into sulphate (so-called “ concentrated alum ” or “ alum- 
kc”), and the sodium carbonate is separated by crystallisation. 
>th products are obtained in a remarkably pure condition, and the 
polite-soda yields excellent “ caustic.” 

Thomsen’s process, although simple enough in principle, requires 
asiderable skill and pains in its practical execution, and most of 
e manufacturing details were worked out by him, or under his 
rection. Success largely depends upon the maintenance of a 
oper temperature; the decomposition begins below a red-heat, but 
piires to be finished at that temperature, and care must be taken 
avoid fusion or even sintering of the mass. In 1854 Thomsen 
tained the exclusive right of mining for cryolite and of working 
« the mineral in Denmark for soda and alumina. Actual manu- 
:turing operations were begun on a small scale in 1857, and in the 
lowing year Thomsen planned the present large factory at 
iresund, near Copenhagen, which was opened on his thirty-fourth 
:thday. The importance of this industry to Denmark may be 
m from the circumstance that during the fifty years of its* 
istence the firm have paid the Danish Government nearly 
100,000 for the concession. Other factories were started in 
srmany, Bohemia, and Poland, but met with little success. The 
inusyl vania Salt-manufacturing Company at Natrona, near 
ttsburg, eventually obtained the right to work up two-thirds of 
the cryolite mined in Greenland. Prom the start Thomsen took 
larg\ share in the management of the Oeresund works, and by 
i energy, foresight, and skill placed the undertaking on a sound 
mmcrcial basis. 

Although Thomsen died a rich man, mainly as the result of the 
jlustry he created, in the outset of his career as a teacher and a 
fhnologist his means were very straitened. He came of poor 
puts, of no social position or influence, and they were unable to 

M 2 



104 THORPE : THOMSEN MEMORIAL LECTURE, 

further his inclinations towards an academical, career. In 1854 b 
applied unsuccessfully ioi a, position f %fejpf ;.^etoutQ at % 
Military High School in Copenhagen, Jlurijig three yeats-f^ 
1856 to 1859— while still engaged in developing his cryolite, process 
he acted as an adjuster of weights and measures to the Municipal^ 
of Copenhagen. It was a poorly paid position, hut it kept th f 
wolf ' from the door. At about this period he betook himself to 
literature, and published a popular book on general subjects coi- 
nected with physics and chemistry— somewhat in the style D j 
Helmholtz’s well-known work— entitled “Travels in Scientific 
Regions,” which had a considerable measure of success. He ^ 
however, not altogether unknown even at this time as an author, 
since in 1853 he had collaborated with his friend Colding ij 
producing a memoir on the causes of the spread of cholera, and oj 
the methods of prevention, which attracted much attention. at tk 
time of its appearance. 

In 1859, whilst engaged in the Oeresund factory, Jie agar 
applied to the authorities for a position as teacher at the Militan 
High School, and succeeded in obtaining an appointment to i 
lectureship in physics, which he held until 1866. During his tenur 
of this office he devised his polarisation battery, which receive 
many awards at International Kxhibitions and was used for a tiro 
in the Danish telegraph service. 

In 1859-60 he was 11 vicarius ” for Scharling at the Universit; 
and in 1865 became a teacher, and in the following year Profess 
of Chemistry and Director of the Chemical Laboratory, a positio 
which he retained— active to the last— until 1901, when he retire 
in his seventy-fifth year of age. 

Before his connexion with the University, he founded and edite 
from 1862 to 1878, in association with his brother, August Thorne: 
’the Journal of Chemistry and Physics, one of the principal orgai 
of scientific literature in Denmark. 

In 1863 he was elected a member of the Commission of Weigh 
and Measures, and was instrumental in bringing about the adoptit 
of the metric system aud the assimilation of the Danish system 
that of the Scandinavian Kingdom. 

In 1883 Thomsen became Chancellor of the Polytechnic Hi; 
School of Copenhag m — a position which he held for about 
years. -During this 7 period he entirely changed the character ai 
spirit of the school, and stamped it with the impress of his earns 
ness and industry. ( Under his direction, new buildings were cmi 
and arranged in accordance with the best Continental and Arneric 
models. Thomsen’s’ administration was in marked contrast to tl 
of his somewhat c tsy-goiug .predecessor, but it is doubtful if 
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i roU fflit him popularity in the school. - The students respected and 
ven fearedrMjfe jMsT^athetic nature evoked 

0 IT yva'jrsaitl pjfJK^y $no gvlto. knew hifc , 
tttimat^ that ho ticve^learncd 4 ft>%raV^e yimng $6 him, to 
reate'in them an interest for his work, to form a s&frto^ Thomsen 
?as al; homely man, but not even in his home, saya'th&’shmc 
uthpnty, was it possible for hint to qhange Ms active,' earnest, 
trenuous disposition— what his friends called his fighting character. 
Jut? if he was always the serious master of the house, he was = also 
^ obedient servant. In reality he was a man of deep feeling, and 
,35 not without power to give that feeling expression in words, 
mietimes in verse, and occasionally even in music. 

if 1 was while occupying the position of Director of the Chemical 
Moratory of the University that Thomsen executed the thermo- 
licmjcal investigations which constitute the experimental develop- 
jent bf tne ideas he bad formulated in his memoir of 1861. ‘ The 
Bsults of these inquiries were first made known in a series of 
apers published from 1869 to 1873 in the Transactions of the Royal 
lanish Society of Sciences, and from 1873 onwards by the Journal 
'ir FraktT&che Chemie. The papers were republished in collected 
)rra in four volumes (1882-1886) by a Leipzig house under Die/ 
.tie of Thermochemische lint ers uch ungen . A summary of - this 
tperimental labour, which extended over a third of a century, 
•as subsequently prepared by Thomsen, and published in 1905 in 
lanish under the title of Thermokemiske Resultater. ..J 

In this work he reviewed the whole of the numerical and 
leoretical results, to the exclusion of the greater portion of the 
iperimental details. A translation of this volume by . Miss 
Catharine ,A. Burke, entitled “ Thermochemistry/' renders it 
sadily accessible to English readers. Miss Burke has supple- 
lehted the original work by a short account, taken from 5 tie. 
hemoche'mische Unlemtchungen, of the experimental methods 
nployed, thereby rendering the whole more intelligible to the 
udent. Moreover, in the English edition a partial attempt has 
?cn made to translate Thomsen’s deductions into the language of 
iodern theory based on the conception of ionisation, which, of 
mrse, was not known to science at the time the Thermochemische 
ntmuchungen was published. . .* - 

It is impossible within the limits of such a notice as this to deal 

1 detail with the immense mass of experimental material which 
jis work embodies, and I shall not attempt, therefore, to do more 
? an to offer a generalised statement, based mainly upon . the 
Smirable account of Thomsen's work given by Professor Bronsted 
> the Chemical Society of Copenhagen on the occasion of the 
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meeting held on March 2nd, 1909, to commemorate Thomsen 1 * 
services to science. '1 ’ . A, ' ... 

The conception of affinity as a cause and determining condition 
of chemical change is traceable in some of the earliest Efforts t 0 
co-ordinate and explain chemical phenomena. It certainly existed 
long prior to the time of Boyle, and was at the basis of everv 
philosophical system after his period. We need only mention the 
names of Bergman, Wenzel, and Berthollet to indicate this fact 
But to Thomsen belongs the credit of being the first to make the 
attempt to measure the relative value or strength of affinity 
quantitatively, and to express it numerically in definite terms 
which admitted of exact comparison. Thomsen's theory of affinity, 
as enunciated by him in his 1851 paper, was based upon his cou- 
viction that affinity could be measured quantitatively by estimating 
the amount of heat evolved in the chemical process. We are not 
immediately concerned to show whether the theory is right or 
wrong, or in what respect it fails. The point is that the enunciation 
of this principle upwards of half a century ago constituted an 
important step forward, inasmuch as it sought to estimate affinity 
in relation to a quantity which can be fixed by experiment, and is 
capable of expression by numbers. 

In this and in the subsequent paper of which mention has been 
made already, he thus defines liis conception of thermochemistry, 
and discusses, for the first time, its laws. 

“The force which unites the component parts of a chemical 
compound is called affinity. If a compound is split up, whether, 
by the influence of electricity, heat, or light, or by the addition 
of another substance^’ this affinity must be overcome. A certain 
force is required the amount of which depends on the strength of 
the affinity. \ 

“ If we imagine, on the one side, a compound split up into p 
component parts, and on the other side these parts again united 
to form the original compound, then we have two opposite processes 
the beginning and end of which are alike. It is th^rpfore evident 
that the amount of th^ force required to^plit up a certain compound 
must be the same a$ that which is evolved if the compound in 
question is again formed from its component parts. 

“ The amount of force evolved by the formation of a compound 
can be measured in absolute terms; it is equal to the amount of 
heat evolved by the formation of the compound. 

“ Every simple or complex action of a purely chemical nature is 
accompanied by evolution of heat. 

“By considering the amount of heat evolved by the formation 
of a chemical compound as a measure of the affinity, as a measure 
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0 f the work required agaijL to resolve the compound into its 
component pjtft|, it ‘must be pqgsible |<o deduce general laws for the 
chemical ^processes, and ^ to exohange the old theory of affinity, 
resting bn an uncertain foundation, for a ? new on§, resting' on the 
sure foundation of numerical values.” j** 

As has been proved by later theoretical and experimental investi- 
gations, the theory of thermochemical affinity is nojT' absolutely 
correct at ordinary temperatures. But, on the other hand, it has 
been shown that a comparatively large number of processes are 
approximately in unison with it. Not only do they agree quali- 
tatively, that is to say, that heat is evolved during the process, but 
also in the fact that the results which newer and more exact 
methods for estimating affinity have produced, agree numerically 
with what would be required by the thermochemical theory. We 
meet here with a fundamental phenomenon which Thomsen deserves 
great credit for having first pointed out, but the explanation of 
which could not be given at the time he indicated it. It can be 
demonstrated theoretically that the lower we reduce the tempera- 
ture and the nearer we get to the absolute zero, the more nearly is 
the condition for the theory fulfilled, so that at the absolute zero 
the theory would be found to be an exact law of nature. If it were 
possible to work at such low temperatures it would be found that 
the evolution of heat, or the evolution of energy by the chemical 
process, would be an exact measure of the affinity of the process, 
and that under this condition the theory of Thomsen would be the 
accurate expression of a natural law. 

But under ordinary conditions this is not so, for in reality an 
ever-increasing number of endothermic processes are found to 
occur, that is, processes which proceed with the absorption of heat. 
Thomsen tried at first to explain these phenomena in such a way 
as to keep them within his system, and he drew a distinction 
between a purely chemical process running conformably to his 
theory and a physico-chemical process which did not fall within 
the law. But he was gradually convinced that his theory could 
not be maintained in its entirety. It is to his credit that he did 
not seek to uphold an untenable principle, or try to defend it as 
did Berthelot, who almost to his dying day maintained the validity 
of the principle in spite of all facts. 

These ideas have, in the words of Ostwald, been the scientific 
confession of faith of chemists throughout half a century. They 
have had the greatest influence on scientific thought in every 
branch of chemistry. It is on the basis of them that we have 
arrived at a theory of affinity which at the present moment is 
being developed into one of the most perfect chemical theories. 
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Lastly, it is due to t-liese ideas, thatdhe experimental material li a , 
been produced which during aU'time t TnU plac? , the name of Juli Ui 
Thomsen, in t^e first rank of men o{ science?* V ' * * 

T° go tjirpugh this ma&rial in 'detail is, & iti^i'sS^m^ssibk 
here.. Itjmny be, stated generally that practicaliy' every simp) e 
inorganic process has been investigated calorimetrically.' by 
Thomsen, or can be calculated by means of the calorimetric ' data 
furnished by him. In the case of organic substances, data have been 
given for estimating the heat of combustion of a large number of 
compounds. All these estimations were made by Thomsen p w 
sonally, according to a prearranged plan, and in systematic sue" 
cession during a period of more than thirty years. They comprise 
more than 3500 calorimetrical estimations. It has been truly said 
that this work is unique in the chemical history of any country 
Among the results of Thomsen's thermochemical inquiries which 
have special value for physical chemistry is his investigation of the 
phenomena of neutralisation, in which he shows that the basicifcs 
of acids can be estimated thcrmochemieally, and that it can 'in til 
way be proved whether or not a point of neutrality exists. 1 * His 
observation that the heat of neutralisation is the same for »< 
long series of inorganic acids, such as hydrochloric acid, hydro 
bromic acid hydriodic acid, chloric acid, nitric acid, etc., supports 
the theory of electrical dissociation, inasmuch as this requires that 
the heat of neutralisation of the strong acids must in all cast be’ 
independent of the nature of the acid, because the process of 
neutralisation for all of them is the combination of the ion of 
hydrogen in the acid with the ion of hydroxyl of the base to form 
water. These investigations also led to the important thermo- 
chemrcal result that the heat of neutralisation of acids (or the heat 
of their dissociation) cannot be considered as a measure of the 
strength of the acids. 

Another important result is the proof by experiment of the 
connexion which exists between the changes of the heat-effect wife 

it Sri™, r 1 “v” 1 '" 1, “ “• — ^ -S£2 

The first law of thermodynamics requires the relation indicated 

by Kirchhoff . __ =C’, ~<7 2 , where U is the heat-effect, T the 

temperature, and C, and C 2 are the heat capacities of the two 
systems before and after the reaction, and Thomsen showed b 

thl heft of dikr hea ‘ ' the heat of solution, and 
dilution, that this relation was satisfied For the 
purpose of his inquiry, the specific heats of a laje number k 

n an exactness hitherto unattained. 
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Of no less importance a re Thomsen s thermochemical investi- 
gations on tl* mjffue^e ! year 1867 Guldberg and 

^VaagCfp^jli^ea ‘their* theory of t-lie chemical effect of mass. But 
they had only lie theory 1 * to a stoajt^eifeni jnd in par- 
ticularly" simple cases. They had not investi^Swjpie^coiliplete 
homogeneous equilibrium,, because at that time "no method*’elisted 
for .experimental investigation of such homogeneous* equilibrium. 
Thomsen showed that the estimation could be male themo- 
chemically. By allowing, for instance, an acid to act on j. salt 
of another acid in an aqueous solution, the latteT acid ^ill be 
partly replaced by the first, which will form a salt. By mixing, 
for instance, a solution of sodium sulphate and nitric acid, there 
is formed sodium nitrate and sulphuric acid, but the process will 
not proceed to completion. If we have estimated the heajt .of 
neutralisation of the two acids with sodium hydroxide, the difference 
between these two heat-phenomena will give ‘the amount of heat 
corresponding to the total decomposition of the sodium sulphate, 
and the heat found experimentally by mixing the two solutions will 
therefore show to what degree the transformation has taken place. 
It would be possible to estimate thermo chemically the amount of 
the four substances in solution, and thereby, by varying the con- 
centration or the proportion between the initial quantitiea of 
substances, to calculate whether the Guldberg-Waage theory on the 
effei$ of mass was confirmed in this case. 

Thomsen applied this method to a large number of different 
acids and bases, and was enabled thereby to prove the agreement 
with the law of the influence of mass in all the cases which he 
examined. He found particularly that the proportion* of the 
one acid which remained combined with the base was constant 
with mixtures of constant proportion. On this basis he propounded 
the term avidity, which he defined as the tendency of tho^acid to 
unite with the base, and he showed that the avidity was independent 
of the concentration, and only to a small extent varied with,, the 
temperature. The term avidity has since acquired great importance, 
particularly since other and more exact methods for its estimation 
have been found. Concurrently with this, its meaning has been 
made clear by the theory of electrolytic dissociation. 

On the basis of these estimations, Thomsen drew up the first 
table, baaed on experiments, of the relative strength of " the acids, 
and the’humbers in this table have been found to agree with the 
results obtained by examining the electrical conductivity oi the 
acids. ,j 

It is worth noting that Thomsen not only produced the experi- 
mental proof of the correctness of the Guldberg-Waage theory of 
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rhc effect of mass soon after the^Jjearance of this theory, tut 
also that he was the to a£%wledge and adopt ,it s It i» 
remarkable that this work of Thomsen received so little attention, 
although it appeared in a widely circulated German journal, and 
it was not until ten years later that the law of the effect of mass 
was generally ’recognised, as the result of the work of Ostwald and 
van’t Hoff. 

Although Thomsen's title to scientific fame rests mainly upon 
his thermochemical work, his interests extended beyond this par- 
ticular department of physical chemistry. He worked on chloral 
hydrate, selenic acid, on ammoniacal platinum compounds, and on 
glucinum platinum chloride, on iodic acid and periodic acid, on 
hydrogen peroxide, hypophosphorous acid, and hydrogenium. He 
early recognised the importance of Mendcleeff’s great generalisation, 
and contributed to the abundant literature it produced. His paper 
of 1895, “ On tho Probability of the Existence of a Group of 
Inactive Elements,” may be said to have foreshadowed the 
discovery of the congeners of argon. He pointed out that in 
periodic functions the change from negative to positive value, or 
the reverse, can only take place by a passage through zero or 
through infinity; in the first case, the change is gradual, and in 
the second case it is sudden. The first case corresponds witiuthe j 
gradual change in electrical character with rising atomic weig* in£ 
the separate series of the periodic system, and the second case; 
corresponds with a passage from one scries to the next. It therefor^ 
appears that the passage from one series to the next in the periodic; 
system should take place through an element which is electrically 
indifferent. The valency of such an element would be zero, and 
therefore in this respect also it would represent a transitional stage 
in the passage from the univalent electronegative elements of the 
seventh to the univalent electropositive elements of the first group. 
This indicates the possible existence of a group of inactive elements 
with the atomic weights 4, 20, 36, 84, 132, the first five numbers 
corresponding fairly closely with the atomic weights respectively 
of helium, neon, argon, krypton, and xenon ( Zeitsch . anorg. Chem 
1895, 9, 283; Journ . Chtm\ Soc., 1896, 70, II, 16). He subse- 
quently made known the existence of helium in the red fluorite 
from Ivigtut. 

As evidence of Thomsen's manipulative ability and his power 
of accurate work may be mentioned his determination of the atomic 
weights of oxygen and hydrogen, and incidentally of aluminium. 
For the atomic weight of hydrogen he obtained the value 1*00825 
when 0 = 16, which is practically identical with that of Morl'ey and 
Noyes. He 'further made most accurate estimations of the relative 



i nunrr- , J numottW JIlliiJKLVItlAlj IjILUTUKJS. 


in 


densities of these gases, andof the volumetric ratios in which they 
enter into ; composition*^ watery ] His value for the atomic 

weight of aluminium is nearly i<lenlical with that adopted in the 
last Report of the International Committee o# Atomic ^Weights. 

Thomsen maintained his interest in therrnoch^nical problems up 
to the end, and was a keen and clear-sighted critic of* 1 the work 
which appeared from time to time during the later years of his 
life- This interest occasionally gave rise to controversy, and some 
of his latest papers were wholly polemical. 

Thomsen was a pronounced atomisb, and to him a chemical 
process was a change in the internal structure of a molecule, and 
the chief aim of chemistry was to investigate the laws which 
control the union of atoms and molecules during the chemical 
process. He considered that chemistry should be treated 
mathematically as a branch of rational mechanics. But no one 
insisted more strongly than he how little we really know of these 
questions. In summarising his theoretical ideas in the Therm o- 
kmiMhe Resultater, he says, " An almost impenetrable darkness 
hides from us the inner structure of molecules and the true nature 
of atoms. We know only the relative number of atoms within 
the molecule, their mass, and the existence of certain groups of 
atoms or radicles in the molecule, but with regard to the forces 
acting within the molecules and causing their formation or destruc- 
tion our knowledge is still exceedingly limited.” He fully realised 
that his own work was only the foundation on which the future 
elucidation of these questions must rest, <£ He worked,” says 
( Bronstcd, ** in the conviction that what we somewhat vaguely call 
the affinity of the atoms— their interaction, their attraction, and 
varying effect, etc. — follows the general laws of mechanics, and; that, 
as he worded it, the principle that r might is right/ holds good in 
chemistry as in mechanics. On this foundation he hoped to be 
able to evolve the laws for the statics and dynamics of chemical 
phenomena, even although the true nature of the action is 
unknown.” 

Thomsen’s merits as an investigator received formal recognition 
from nearly every country in the civilised world. As far back as 
1860 he was elected one of the thirty-five members of the Danish 
Royal Society of Sciences of Copenhagen, and from 1888 until his 
death he was its President. In 1876 he became an Honorary 
Foreign Member of the Chemical Society of London. On the 
occasion of the fourth centenary of the foundation of the University 
of Upsala (created in 1477), he received the degree of Doctor of 
Philosophy honoris causa. In 1879. he was made an honorary M.D. 
of the University of Copenhagen, Two years later he was made a 
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Foreign Member of the Physiographic^ Society of Lund, and in 
1888 he was elected a Socistjr ^of^cimce and 

Literature of Gothenburg. K IW gffi W o t ifo 

Royal Society of Sciences of Upsala, and in 1886 of the StochnolrQ 
Academy of Scie^s. 

In 1883 he ana Berthelot were together awarded, the Davy 
Medal of tho Royal Society — a fitting and impartial recognition on 
the part of the Society of the manner in which the two investigators, 
whose work not infrequently brought them into active opposition 
had jointly and severally contributed to lay the foundations of 
thermochemistry. 

In the same year Thomsen was made a member of the Accadcmia 
dei Lincei of Rome, and in the following year he was elected into 
the American Academy of Arts and Sciences in Boston, an<jof the 
Royal Academy of Sciences of Turin. In 1887 he was made a 
member of the Royal Belgian Academy. 

In 1886-87 and again in 1891-92 he was Rector of the University 
of Copenhagen. In 1888 he became Commander of the Dannebrog, 
and in 1896, and on his seventieth birthday, he was made Grand^ 
Commander of the same order. On the same occasion the Dania? 
chemists caused a gold medal to be struck in his honour. In 1{$2 
he became a Privy Councillor (Geheime Konferenz raad). In5the 
same year he was elected a Foreign Member of the Royal Society 
of London. 


He died on February 13th, 1908, full of years as of honours, 
and was buried on the eighty-third anniversary of his birth and 
on th'e jubilee of the opening of the Oeresund factory. His wife,* 
E Inline Hansen — the daughter of a farmer on Langeland — pre- 
deceased him in 1890. 


I desire to express my acknowledgments to Director G, A. 
Ilagemann, of Copenhagen, and to Professor Arrhenius, of 
Stockholm, for their assistance in obtaining information concerning 
Thomsen's personal history. I am also much indebted to our 
Fellow, Mr. Harald Faber, for his kindness in making for met 
a translation of Professor Bronsted’s account of Thomsen's scientific 
work, on which my own resume is mainly based. 
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iion of Bases on the aa -Ditoomo^rig^kes 
tain Dicarboxylic Acids. ^ 

By Henry Kondel Le Sueur and Paul Haas. 

v:,- 1 ; 

Xsb action of diethylaniline on aliphatic compounds containing 
bromine, and more especially on -the esters of a-bromo-monocaj»jpo&ylic 
acids (Crossley and Le Sueur, Trans,, 1899,75, 161; 1900, 77, 83), 
ia to remove the elements of hydrogen bromide with the formation of * 
the corresponding unsaturated compound : &*. 

R*CH 2 *CHBrC0 2 Et — > R*CH:CH’C0 3 Et. 

This action has been regarded as quite a general one, and holds good 
in the majority of instances. In the case of ethyl aS-dibromoacfipate, 
C0 2 Et*CHBr[CH’ 2 ] 2 *CHBr , C0. 2 Et, a compound in which the* two 
bromine atoms are separated from each other by four "habbon 
atoms, the action of diethylaniline is quite different. Here it is true 
small quantities of the unsaturated ester, ethyl muconate, 
C0 2 Et*CH:CH*CH:CH*C0 2 Et, 

are formed, but by far the main product of the reaction is ? . ethyl 
1-phenylpyrrolidine -2:5- dicarboxylate 
95, 276) : 

, 0,H.>KEt, + 00 « m ' CHBt 'C H . 


T 2 =r it .n<t 1 * f 
C0 2 EfOHBr*CH 2 6 5 ^CH(C0 2 Et)’ 


(Le Sueur, Trans., 1909, 
,CH(C0 2 Et)*CH 2 


, TJ *+2EtBr. 

This reaction involves the fission of the two ethyl groups in diethyl - 
aniline, a change which is generally not easily effected, but that this 
actually takes place was proved by the isolation and identification of 
large quantities of ethyl bromide resulting from the above reaction. 
-The action of aniline is quite similar to that of diethylaniline, as 
: is shown by the action of aniline on methyl aS-dibromoadipate when 
the corresponding pyrrolidine ester is produced. The usuaL action 
of aniline on compounds of this type is to replace the bromine atom by 
t[ie group CyiyNH : 

C0 3 Et-CHBr*[CH 2 VCHBr*C0 2 Et -> 

C0 2 Et • CH(NHPh) *[CH 2 ] n * OH(N HPh) * C0 2 Et. 

This great tendency for the formation of a five-membered ring 
is further illustrated by the action of alcoholic potassium hydroxide on 
aS-dibromoadipic acid, whereby cts-tetrahydrofuran-2 : 5-dicarboxylic 
acid is produced : 

C0 2 H‘CHBr*(jJH 2 o< .CH(C0 2 H)*9H 2 


CO,H*CIlBi-CH a 


NJHfCXXHVCILd 
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the usual action of alcoholic potassium hydroxide, namely, the 
removal of hydrogen bromide and v^ormation of the corrtspondint> 
unsaturated compound, only taking place to a small as only 

small quantities of muconic acid were obtained. 

In contras^ to the above reaction, we may Compare the action of 
alcoholic potassium hydroxide on /Jy-dibromoadipic acid, 
C0 3 H*UH s *CHBr*CHBr‘CHj‘CO a H, 
whereby Rupe ( Anmlen , 1890, 256, 1) obtained an 85 per cent, yield 
of Muconic acid. In the bromo-acid employed by Rupe, the two 
bromine atoms are attached to adjacent carbon atoms, and there is 
therefore no possibility of the formation of a five-membered ring, and 
so the action i8 the normal one. The constitution of muconic acid was 
discussed by Rupe, who concluded that it is correctly expressed by the 
formula C0 2 H‘CH1CH*CH1CH*C0 2 H ; this conclusion is fully con- 
firmed by the facts that the acid is obtained from aS-dibromoadipic 
acid and the ethyl ester from ethyl ao-dibromoadipate as described in 
the present communication. 

In order to ascertain if cyclic compounds analogous to ethyl 
l-phenylpyrrolidme-2 :5-dicarboxylato would be obtained from the 
corresponding bromo-derivatives of other dicarboxylic acids, the action 
of aniline and monoetbylanilme on these bromo-derivatives was 
investigated. 

The action of aniline on ethyl a/3'dibromosuocinate has been already 
studied by Gorodefczky and Hell {Ber., 1888, 21, 1796), who obtained 
ethyl a/3'dianiUnosuccinate, C0 2 Et* CH(NHPh) • C il(NHPh) * C0 2 Et, as 
the main product, together with a small quantity of a yellow compound 
which they were unable to identify. It was thought that this yellow 
substance might be the desired cyclic compound containing the ring 
C 

system C 6 II 5 *If<^, but this was found not to be the case, and 


the compound was identified as the anil of anilinomaleic acid, 


CJL'NH-OCO- 


Oh-c? 1 ™* 


(BischoU and Walden, Annalen , 1894, 279, 139). 

The action of monoethylaniline on ethyl a/3-dibromosuccinate was 
next investigated, and in this case the compound obtained was ethyl 
bromomaleate, C0 2 Et*CBrlCH*C0 2 Et, which was obtained in a 74*2 
per cent, yield. Ethyl a(?-dibromosebacate was then substituted for ethyl 
a/?'dibromosuccinafce, and heated with aniline, when it was found that 
no cyclic compound had been formed, but that tho action had followed 
the normal course, and ethyl (#dianilinosebacate, 

C0 2 Et*0H(NHPh)*[CH 2 ] c *CH(HHPb)*C0 2 Et, 
was obtained. 


By heating an aqueous solution of the lactone of dibydroxybutano- 
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tetracarboxylic acid, Lean (Trans., 1900, 77, 110) obtained two isomeric 
tetrahydrofuran-2: 5-dicarboxylic acids, which ho regarded as cis- and 
jmrts~modifications : 


H H HE 

H H lfc< 



! 

1 


co 2 h co 2 h 

C0 2 H if 

(Cis.) 



{Trans.) 


Ooe of these acids melted at 123—125°, and the other, *whfch 
melted at 93" — 95°, formed a hydrate melting at 63 — 64°, but Lean 
did not establish which of these acids was the cis - and which the trans- 
variety. * ■ 

In a former communication (Le Sueur, Trans., 1908, 93, 716), 
the preparation and identification of two aS-dihydroxyadipic acids 
were described, and it was shown that the aS-dihydroxyadipic acid 
melting at 174° is the meso-acid, and the one melting at 146° is the 
racemic variety. Corresponding with these two hydroxyadipic acids 
are two aS-dibromoadipic acids, of these, the one melting at 
192 — 193° is the meso-acid, and the other, which melts at 
138 — 139°, is the racemic acid (compare Kosenlew, Ber., 1904, 37, 
2090). 

Now, when meso-aS-dibromoadipic acid is treated with alcolnlic 
potash, the tetrahydrofuran-2 : 5-dicarboxylie acid obtained is the one 
melting at 124 — 125°, and from stereochemical considerations it will 
be seen that this must be the cw-variety : 

/ ? ? \ 

Y C0 2 H — c — 0—0 — c— co 2 h — > 

\h h / 

Br Br 


H 


meso- a5- Dibroi no ad ipic acid, 
in. p. 192—193°. 


H H 
H /O-Cx 
q \/ H h\]c 
I V— o — ' 1 

co 2 h co 2 u 

cw-Tetraliydrofuran-2 : 5-di- 
carboxylic acid, m. p. 124 — 125°. 


/h h^ h 
C 0,H— C — c — c— C—H 


Br 


H H „ 


Br 


Racemic a&*dibromoadipic acid, 
m. p. 138—139°. 


H H 

H y C~Cx CO s H 

Cl/ H H \jc 
I v-o— / i 
co 2 h h 

trans ■ Tetrahydro Curan - 2 : 5-di- 
carboxylic acid, m. p. 93 — 95°. 


It might be argued that the meso-dibromoadipic acid under 
such severe treatment as the action of boiling alcoholic potash had 
undergone intramolecular change, and that the acid resulting from it 
was the trans - and not the cis-form. In order to settle this point, 
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*jOO s H— C C- 

||§ ¥ OH 

‘ W meso-aS-Dihydroxyadipic acid, 
m. p. 174°. 


an aqueous ’solution of t&e meso-aS-dihydroxyadipic acid was heated 
in a sealed tube, when the lost,a, molecule of, water and aav* tu 

tefcrahydrofuran-2 : 5-dicarbdxyIici&id ** 6 

h<“ 

sr*** c i<-o E _^' 

0H C0 2 H V-C^g 

cis-Tetraliydrofuran-2 j 5-di. 
carboxylic acid, 
m. p. 124 — 125°. 

Finally, if the furan acid melting at 124-125° is really the ok 
acid, then it should form an anhydride, whereas the troiw-acid 
wouJd not. In order to investigate this point, the acid melting » t 
-4 125 was boiled for several hours with an excess of acetyl 
chloride, when an anhydride, C 8 H 8 0 4 , was obtained. This anhydride 
on treatment with water, readily regenerated the acid melting at 
1-4—^125°, which proves conclusively that the acetyl chloride has not 
caused an intramolecular change, and that the anhydride really 
corresponds with the tetrahydrofuran-2 : 5-dicarboxyIic acid meltin' 
at 124—125°, which latter acid must therefore be regarded as the cii 
modification. 

It is interesting to note that the above anhydride is isome 
the dilactone obtained by heating racemic aS-dihydroxyad 
( rans., 1308, 93, 721). Both the anhydride and the dilai 
formed by the loss of two molecules of water from their/ 

< diydroxyadipic acids, the former being formed in two stall*™, , [De 
loss of a molecule of water from two hydroxyl groups ; (!) tbeFloss of 
H ' 

HO-C-CO.H 
[CH 2 ] 2 
HO-C-CO a H 
"H 

mesO'dS-Dihydroxy 
adipic acid. 


H 

C-COjH 

Aqueous solution I | 

-> O [€H 2 ] 2 


heated 


Acetyl chloride 



I 


u-co 2 h 

I 

H 


Water 


0 


H 

COoH-C-OH 

ho*c*co 2 h 

I i 

H 

Racemic aS- dihydroxy, 
adipic acid. 


cw‘-Tetra]iydrofuran-2 : 5-di- 
carboxylic acid. 


o [y H A 

c-co 

I 

H 

Anhydride, 
m. p. 128 — 129°. 


Heated alone 

* J> - 

Water~ 


H 

I— co-c- 


0 [CHAP 1 


C-CO- 

I 

H 

Dilactone, 
m. p. 134° 
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a second molecule of water from two carboxyl groups, whereas the 
dilactone is-, formed £ .b^-:v|^^.ld^gpf^twbi|gK>lecules oE water, each 
molecule oE ^ateV arising ^tn one $JdroxyFg roup and one carboxyl 
group. • 

Experimental. 

■k Action of Diethylaniline on Ethyl ab-Dihromoadipale. 

Ten grams of ethyl aS-dibromoadipate (m. p. 66°) and 16 grama cl 
recently distilled diethylaniline were placed together in a flask afctacliM 
to a reflux air condenser and containing a thermometer, the upper? end 
of the condenser being connected to a U-tube immersed in a freezing 
mixture. The flask and contents were gradually heated to 190°, at 
which temperature the reaction began, and were maintained at 
185 — 195° for three hours. During the heating a volatile liquid was 
evolved, and was condensed in the (J-tube; the total amount of ester 
heated in this manner was 80 grams. 

The volatile liquid, after being dried, weighed 15 grams, and boiled 
at 38—38*5° : 

01544 gave 0 2644 AgBr. Br = 72*87. 

C 2 H 5 Br requires Br = 73*»39 per cent. 

The liquid was therefore ethyl bromide, the boiling point of which 
is 38*37°. 

The contents of the flask partly solidified on cooling, and were added 
to dilute hydrochloric acid and the whole extracted with ether; the 
ethereal solution was washed, dried, and evaporated, and the residue 
distilled under 29 mm. pressure : 

165—185° 11 ‘5 grams I 230—255°..' 11*0 grains 

210— 22S 3‘Q ,, | Undistilled residue... 13 '5 ,, 

The fraction b. p. 165 — 185° slowly deposited long, flat crystals, 
which, after filtration and drying, weighed 3*3 grams, and, after 
Drystallisation from light petroleum (b. p. 40 — 60°), melted at 63 — 64°, 
md consisted of ethyl muconate, the melting point of which is quoted 
as 63— 64° by Ruhemann and Blackman (Trans., 1890, 57, 374) 

0*1760 gave 0*3892 C0 2 and 0*1148 H a O. 0 = 60*31 ; H=7*24* 
Ci 0 H u O 4 requires 0 = 6060; 11 = 7*07 per cent. 

The fraction b. p. 230 — 255° consisted for the most part of ethyl 
1-phenyl pyrrolidine-2 : 5 -dicarboxyl ate, as was shown by the fact that 
it yielded l-phenylpyrrolidine-2 : 5*dicarboxylic acid on hydrolysis 
with 10 per cent, alcoholic potash. The acid which was precipitated 
on acidifying the hydrolysed product with hydrochloric acid was crys- 
tallised from a mixture of acetone and light petroleum, from which it 
separated in oblong plates, which decomposed with evolution of gas at 
|249°, A mixture of equal parts of this substance and 1-phenyl- 
fOL. XCVII. N 



178 


LE SUEUR AND HAAS: 

r*V 


pyrrolidine- 2 ; 5-dicarboxylic^acid (Trans., 1909, 95, 277) 
at the same temperature ; ~ 

0-1684 eay^ 8-6 -c.c. (mpist)*t ] 
lMfc * a m O,U required 

Med residue consisted of a dark thicV syrup;’ 

kept for several mon|hs, showed no signs of solidifying,’ 
no pure substance coiild be isolated. 


Action of Aniline on Methyl oZ-Dibrorhoadipate. 

Eighteen grams of methyl aS-dibromoadipate and 18 grama of 
aniline were heated together in a fiask immersed in boiling water for 
forty hours, and the product worked up and distilled as described 
'under the action of diethylaniline on ethyl a8-dibromoadipate (p. 177), 
That portion of the distillate boiling at 225 — 230°/32 mm. weighed 
8 gtams, and solidified on cooling. It was crystallised from light 
petroleum, when it was obtained in needles, which melted at 88° and 
had all the properties of methyl l-phenylpyrrolidine-2 : 5-dicarboxylate 
(Tran^ 1909, 95, 277). A mixture of equal parts of these two 
substances melted at 88°. When hydrolysed by boiling with 10 per 
cent, alcoholic potash, it gave l-phenylpyrrolidine-2 : 5-dicarboxylic 
’ acid, which decomposed and evolved gas at 252°. 


Action of ftfonoethylaniline on Ethyl afi-Dibromosuceinate. 

The^thyl dibromosuceinate was prepared by heating succinie*Wd 
with amorphous phosphorus and bromine in a sealed tube and estefify- 
jng the resulting bromo-acid with concentrated sulphuric acid and 
Alcohol (Gorodetzky and Hell, Ber., 1888, 21, 1729). 

Twenty grams (1 mol.) of ethyl a^-dibromosuccinate and 15 grams 
(2 mols.) of monoethylaniline were heated together in boiling water 
for thirty -five hours; the resulting product, which partly solidified on 
cooling, was extracted with much ether, and the insoluble residue of 
mmpoethylaniline hydrobromide filtered oil. The ethereal filtrate wag 
well washed with water, dried, and evaporated, and the residue distilled 
under 32 mm. pressure, when the whole distilled between 149° and 152°. 
It was re-distilled, and a portion boiling at 148 — 149° collected for 
analysis : 

0*2125 gave 0-2981 C0 2 and 0*0838 H 2 0. 0 =» 38-26 ; H = 4'38. 

0-1854 „ 0-1400 AgBr. Br~ 32-13. 

C 8 H u 0 4 Br requires 0 = 38*24 ; H = 4*38 ; Br = 31*87 per cent. 

The above substance is therefore ethyl monobromomaleate, the 
boiling point of which is given as *143°/30 — 40 mm. (Anschutz, Ber., 
1879, 12, 2284). 
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gave 11*2 grams of the 
Scent. of the theoretical, 

g 


Twenty 
pure esfc< 
so that J 
ethyl 

The,® . _ 

under various conditions, suc^h as heatiDg togei 
substances in alcoholic solution ; heating together at 18 ' 
but in all cases ethyl monobromomaleate was the only safe 


Action of Aniline o-n Ethyl afi-Dibromosucc-inale. 

Ten grams of ethyl a/3-dibromosuceinate (1 mol.) and 14 graim8 
(5 mols.) of aniline were heated together for two hours in a flask 
immersed in boiling water. The contents of the flask partly solidified 
on cooling, and were treated with a large volume of ether and the 
crystalline solid collected. This solid, which consisted chiefly of 
aniline hydrobromide, was treated with 80 c.c. of warm wate?, the 
solution cooled, and the undissolved residue (0*8 gram) collected and 
crystallised from alcohol, when it was obtained in glistening needles, 
which melted at 149° and had all the properties of ethyl a/?-dianilino- 
snccinate, the melting point of which is given as 150° by Gorodetzk# 
and H| 1888, 21 , 1797). , $§J| 

The ethereal filtrate, on evaporation, left a residue which showtlf 
signs of decomposition on attempting to distil it under diminished 
pressure; it was therefore not distilled, but alcohol was added to it 
when a yellow solid slowly separated. This solid was repeatedly 
crystallised, first from acetone and finally from a mixture of chlor^f 
form and light petroleum, when it was obtained in small needles 
melting at 230° : 

J'1224 gavfe 10*8 c.c. N 2 (moist) at 18 - 5° and 769 mm. N * 10*29. 

. C 16 H 12 0 2 N 2 requires N ;= 10’60 per cent. ^ 

T|is yellow solid is insoluble in ether, light petroleum^cr 
alcohol, and moderately soluble in boiling chloroform or 
it is, therefore identical with the anilinomaleic anil, ■ 

C 6 H 5 .NH-C-CO ; ^ 

CH-CCK 6 * 

obtained by Bischoff and Walden (loc. cit . ), 

The yield of the above yellow solid was very small, and many 
attempts were made to increase it, but without any substantial im- 
provement. Among these attempts may be mentioned : (1) addition 
of anhydrous sodium acetate to the mixture of ester and aniline ; 
(2) the substitution of aniline hydrochloride for aniline ; (3) the 

N 2 
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interaction of the ester and aniline in alcoholic eolation in the cold • 
(4) the interaction of HhV* ester^knd aniline ‘ ihi the -'presence of 
potassium hydroxido; (5} Heating ^ho ester*and*ahi^ ’ 

Action of Aniline on Ethyl a S-Dibromosebacate, 

The ethyl a0-dibromosebacate was prepared by the action of bromine 
0 % the acid chloride of sebacic acid, and esterification of the resulting 
$romo-acid chloride by the interaction of this substance and alcohol. 

Twenty grams (X mol.) of ethyl a0-dibromosebacate and 20 grama 
(4 mols.) of recently distilled aniline iftere heated together for eleven 
hours in a flask immersed in boiling water. The resulting solid was 
triturated with dilute hydrochloric acid, and the undissolved solid 
(4*5 grams) collected and washed with water. The hydrochloric add 
solution was diluted with a large volume of water, when a solid was 
precipitated ; the whole was extracted with ether, the ethereal solu- 
tion washed, dried, and evaporated, when 12*5 grams of solid residue 
were obtained. This was added to the above 45 grams of undissolved 
residue, and recrystallised from alcohol until the melting point was 
constant : 

0T304 gave 7*5 c.c. N 2 (moist) at 18'5° and 756 mm. N = 6*58. 

C 20 H 86 O 4 N 2 requires 14=6-36 per cent. 

Ethyl aB-diaailinosebacate , 

C0 2 Et*CH(NHPh)«[CH 2 ] 6 -0H(NHPh)*C0 2 Et, 
melts at 119 ’5 — 120"5?, and crystallises from alcohol in ferndike 
aggregates. It is insoluble in water, sparingly soluble in ether, 1 
alcohol, or light petroleum, and readily so in chloroform, benzene, 6r 
acetone. 

The alcoholic mother liquors from which the above ester had 
crystallised gave a substance which, after recrystallisation, melted at 
94 — 100°, and on analysis gave the following results : 

0-1680 gave 0-4378 C0 2 and 0 1342 H 2 O. C = 71-07; H = 8‘8T> 

01734 „ 9*7 c.c. N 2 (moist) at 16° and 764 mm. 14 = 6*55. 
C, 6 H S6 0 4 N 2 requires C = 70-90 ; H - 8*18 ; N = 6*36 per cent, 

This substance is therefore in all probability stereoisomeric with 
the ethyl a0-dianilinosebacate melting at 119*5 — 120-5°, but 
repeated recrystallisation failed to give a substance with a definite 
melting point. 

a$-Dianiiinosebacic Acid. — Thirty-three grams of ethyl a0-dianilino- 
sebacate were added to a solution of 20 grams of potassium hydroxide 
in 150 c.c, of alcohol containing a few c.c. of water, and the whole 
boiled for five hours. The resulting solution was concentrated to half 
its volume, and gradually added to a boiling solution of 25 c.c. con* 
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ce titrated sulphate acid , ux 12 5^,c .. of ^ater, when the anilino-acid 
was * i g^ular precipitation is carried 

out in the cold, .Jfchen the acid separates in an' amorphous fpnn.in 
which condition it is difficult to manipulate. The acid wa&js^eht^d, 
wa8 hed with water, dried, and boiled with SO c.c. of alcohol In v pr|er 
to remove any non-hydrolysed ester, filtered, and after drying weighed 
23 grams. It was crystallised from amyl alcohol, from which^t 
separated in spherical aggregates of small needles, which melt aad 
evolve gas at 210 — 213°: 

0-1254 gave 0-3180 CO a and 0*0868 H,0. 0 = 69*15; H = 7*69 

0-1707 v 10*6 c.c. N 2 (moist) at 18° and 765 mm. N«7*21. 

C 22 H 28 0 4 N 2 requires C = 68*75 ; 11 = 7*29 ; N = 7*29 per cenfc.< 

a$-Dianilino8ebacic acid , 

C0 2 H-CH(NHPh)*[CH 2 l e *CH(NHPh)*C0 2 H, 
is insoluble in water, alcohol, ether, chloroform, light petroleum, 
benzene, or ethyl acetate, and only sparingly soluble in boiliDg amyl 
alcohol. 

The silver salt was obtained as a white precipitate on adding a 
solution of the sodium salt of the acid to a solution of silver nitrate ; 
it darkened somewhat readily on drying : 

0*1510 gave 0*0536 Ag. Ag = 35‘5. 

C 22 H 26 0 4 ^ ,; r2^ L ^2 requires Ag= per cent. 

MelKyl aO-dianilinosebacate , 

C0 2 Me*CH(NHPh)*[CH 2 ] 6 *CH(NHPh)*C0 2 Me J 
was prepared by the interaction of aniline and methyl a0-dibromo- 
sebacate, as described for the preparation of the corresponding ethyl 
ester. It is insoluble in water, ether, or light petroleum, readier 
soluble in benzene or chloroform, and crystallises from alcohol, in 
which it is sparingly soluble, in fern-like aggregates of needles melting 
at 133— 136°: 

0*1334 gave 7*9 e.c. N 2 (moist) at 19° and 768 mm. N = 6*88 
C 24 H s 2 0 4 N 2 requires N = 6*79 per cent. 

Action of Alcoholic Potassium Hydroxide on iwso-aZ-Dihrornoadipic 
Acid. 

The meso-aS-dibromoadipic acid was separated from the mixture of 
racemic and meso-aS-dibroinoadipic acids obtained by the action of 
bromine on the acid chloride of adipic acid (Trans., 1908, 93, 718) by 
extracting the mixed acids with water and crystallising the insoluble 
residue of the meso-acid from formic acid until its melting point was 
constant (Rosenlew, Per., 1904, 37, 2090). 

Seven and a-half grams of meso-aS-dibromoadipic acid (m. p. 
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192 — 193°) were dissolved in , i& c.c. of hot alcoliq 
tion gradually added to a sblutjdff '^ljpnS^ 

hydroxide in 60 c.c. of alcohol/ A $gorbus reaction 


® d the hot 8oi u . 


hydroxide in 60 c.c. of alcoholr A«gorous reacfaon lrifm&dgely^Qt i D 
andT^li^mistnre Was boilccf^h the water*bath’^'r 9 ’^tee^inihutef; 
thefi^ll^ed to cool, and filtered (filtrate = A). The^insoluSlIjesidue 
was^di^olved iri 15 c.c. of water, the solution strongly acidised with 
concentrated hydrochloric acid, and, after some time, a crystalline 
p^lcipitat-e separated; this was collected and dissolved "in dilute 
potassium hydroxide solution, and again precipitated by hydrochloric 
aSd, when it was obtained in a crystalline form. The substance had 
all, the properties of mnconic acid, and decomposed without 'melting 

a MlF: 

0-1608 gave 0-2966 CO a and 0-0678 H a O. O = 50-30 ; H = 4-68. 
C 6 H 6 0 4 requires 0 = 50*70; H = 4*22 per cent. 

The aqueous filtrate from the muconic acid was evaporated to a 
small bulk, and repeatedly extracted with a large volume of ether, 
The ethereal solution was evaporated without previous washing^ 
drying, and the residue dried and crystallised from a mixture of ethyl 
acetate and light petroleum, when it was obtained in nodular 
aggregates melting at 124 — 125°: 

iM434 gave 0-2344 C0 2 and 0*0684 H 2 0. C = 44*58 ; H = 
C 6 Hg0 5 requires C = 45*00 ; H = 5*00 per cent, 

J rhe molecular weight was determined by dissolving the acLtfi 
ter and titrating with Nj 10-sodium hydroxide, using phenolghthlK 
as indicator : " , 

0*2040 required 25*6 c.c. W/10-NaOH, which corresponds with a 
dibasic acid of M.W. = 159*4. 

A dibasic acid, C c H 8 O fl , requires M.W. = 160. 


The substance is therefore m-tetrahydrofuran-2 : 5-dicarboxylic 
acid, 

H H 

H 7 (>-C x H 

C|/ H EL \j 0 
V-0~/| 

co 2 h co 2 h 

It readily chars, when heated above its melting point, and its 
solubilities in various solvents correspond exactly with those of the 
tetrahy drof uran-2 : 5-dicarboxylic acid melting at 123—125° obtained 
by Lean (loc. cil). 

The alcoho’ic filtrate A (see above) was saturated with carbon 
dioxide, and.J;he precipitated potassium hydrogen carbonate collected. 
The filtrate was evaporated to dryness, the residue dissolved in a very 
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f/.t . ,?• 

1 quantity, of water, and the. resulting solution acidified with 

a large volume of ether. 

and 1&d' alT the^foopeHiea of meso-a^dihydmxyadijpic^^Kt^aiis., 
1908 , 93 ; 723). ^ # 

The aqueous mother liquors from tho ether extracts were*tnjxed 
and evaporated to dryness ; the residue obtained was dried, extract 
with alcohol, and the alcoholic solution evaporated and the read 
crystallised from ethyl acetate and light petroleum, when 
small quantity of the tetrahydrofuran acid melting at , 124-441 
was obtained. 

The amount of tetrahydrofuran acid obtained corresponded %ith 
28 per cent, of the theoretical, and the yield of muconic acid was only 
14 per cent, of the theoretical. 

The ammonium salt was prepared by dissolving the acid in alcohol 
and saturating the solution with ammonia, when the salt was pre- 
cipitated j it was collected, and crystallised by dissolving in a small 
quantity of water and adding alcohol and ether, when it separated 
out in long, transparent prisms. It is readily soluble in water, 
sparingly so in alcohol, and insoluble in ether : 

0‘12tl, boiled with NaOH, gave 0-0213 NH 3 . N = 14*24. 

C e H 6 0 5 (NII 4 ) 2 requires N = 14*43 per cent. 

■ Anhydride of cm-Tetrahydrofura,n-2 : %-diearboxylic Acid. 


' grams of acetyl chloride and 2*8 grams of cis- tetrahydro- 
furan- 2 : 5-dicarboxylic acid were boiled together for sixteen hours in 
a flask attached to a reflux condenser. The acetyl chloride was % 
removed by evaporation in a vacuum over 50 per cent, potassium 
hydroxide solution, and the resulting solid spread on a porous plate, 
when 2 5 grams of solid, melting at 97 — 105°, were obtained. - This, 
oni$xtraction with 15 c.c. of dry chloroform, left 1*5 grams of residue 
*h$ch melted at 122°, and consisted of the unchanged acid. '-The 
chloroform extract, on evaporation in a vacuum, gave 0*6 grattrijof a 
solid, which was crystallised from dry chloroform and light petroleum, 
when it was obtained in slender needles : % 

0*1022 gaYe 0*1876 C0 2 and 0*0414 H,0. C = 50*l ; 11 = 4*5. " 
C 6 H 3 0 4 requires 0 = 50*7 ; H^4-2 .per cent. 

The anhydride of cw-tetrahydrofuran-2 : 5-dicarboxylic acid, 

l-CH.CO 

o rcny, >o, 

>— CH-ccr 

readily volatilises when heated, even on the water-bath, and yields a 
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sublimate of long needle%^which j^elfc at I28r-1 readily 
soluble in ethyl acetate, chpoforjp, ether,, or and 
is insoluble in light petroleum. It slowly dissolves. water, 

giving.^ strongly acid solution, which on evaporation gives the 
original eis-tetrahydrofuran-2 : 5 - diearboxylic acid melting at 
124— —1 25°. When the anhydride is heated with resorcinol and a 
few drops of sulphuric acid, and the product poured into a solution of 
potassium hydroxide, a green, fluorescent solution is obtained. 
ciS'Telrahydrofuran-2 : 5 -dicarboxyldiunil ide, 

CH 2 -CH(CO-NHPh). 

. iH^CEtCO-NHPhp 1 ’ 

was prepared by boiling the acid (0‘2 gram) with a large excess of 
aniline (2 grams) for seven hours. The product was poured into 
dilute hydrochloric acid, and the precipitated solid collected, dissolved 
in alcohol, and the solution decolorised by animal charcoal. The solid 
which separated out on cooling was crystallised from alcohol, when it 
was obtained in small, thick plates, melting and decomposing fat 
208 — 209°. The dianilide is readily soluble in acetone or chloroform 
in the cold, sparingly soluble in hot benzene or cold alcohol, and 
insoluble in water : 

0*1176 gave 9*4 c.c. N 2 (moist) at 12° and 766 mm. N = 9“^l. 

C 18 H 18 0 8 N 2 requires 17 = 9*03 per cent. 


Formation of c i s - Tetrahydrofuran - 2 : 5 -diearboxylic Acid fro 
iMso-ah-Dihy dr oxy adipic Acid. 



One gram of meso-aS-dihydroxyadipic acid (m. p. 174°), obtained by 
hydrolysis of the meso-aS-dibromoadipic acid melting at 192 — 193° 
(Trans., 1908, 93, 719), was dissolved in 5 c.c. of water, and the 
solution heated in a sealed tube for three hours at 200°. The solution 
was filtered to remove a small quantity of black solid, and the filtrate 
repeatedly extracted with a large volume of ether. The ethereal 
solution on evaporation left 0*2 gram of solid which* Mter drying 
and crystallisation from ethyl acetate and light petroleum, melted at 
124—125°; this melting point was unaltered by mixing the substance 
with an equal quantity of m tetrahydrofuran-2 . 5 -diearboxylic acid. 
The substance readily charred when heated above its meltiDg point, 
and its solubilities in various solvents were identical with those of the 
ew-furan acid. 


Action of Alcoholic Potassium Hydroxide on Racemic 
a <$- Dibromoadipic Acid 

The action of alcoholic potassium hydroxide on the racemic oS- 
dibrojgpadipic acid (m. p. 138 — 139°) was investigated in the hope 
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0 f obtaining, tjje ^cww-^brahy^ofuran^^'di carboxylic acid. The 
method pf^YOt»dure was . exactly as ^scribed for the action of 
alcoholic potassium hydroxide on the meso^dibromoadipic acid, ^nd 
muconic acid and a trace of the cis-tetrahydrofuran acid were obtained, 
together with a small quantity of residue which could not be^crystal- 
lised. No such residue was obtained from tho action of alcoholic 
potassium hydroxide on the meso-dibromoadipic acid, and it is Dot 
improbable that this residue did contain some of the trans- tetrahyd^- 
turan acid, which, on account of its solubility and reluctance to 
crystallise (Lean, l-oc. cit.), could not be isolated. 

Chemical Laboratory, 

St. Thomas’s Hospital, 

London, S.E. 


XIX. — The Hcdf-life Period of Radium ; a Collection. 

By Robert Whttlaw Gray and Sir William Ramsay, K.C.B. 

In making the calculation of the half-life period of radium in the 
paper which has recently appeared (Trans., 1909, 95, 1082), an 
error, which Mr. Soddy was so good as to point out to us, was 
made inadvertently. Half the reciprocal of the disintegration-constant 
of radium, equal to half the average life-period, was given as the 
period of half-decay, namely, 1258 years. The true half-life period 
should have been calculated from the equation : R = where R 

is the initial amount of radium, R 0 the quantity remaining after bhlf 
has decayed, e the base of natural logarithms, A the disintegration- 
constant for radium (the reciprocal of which is the average life-period), 
and t the time in years. 

To find A from the equilibrium-quantity, A r 0 , of emanation per gram 
of radium, the volume of which was 0*601 cub. mm., the amount of 
emanation given off per second was calculated by means of the 

equation : q 0 = AiW — ^ =1*25x10’ 6 cubic millimetres per 

^ 0 481,000 r 

second; the fraction 1/481,000 is the value of A, the disintegration 
constant for the emanation, calculated from the half-life period of 3*86 
days. This volume is equal to the diminution in volume of 1 gram of 
radium per second, supposing it to be a monatomic gas. 

Hence the fraction of the total quantity of radium changed^per 
second is 1*25 x 10" 6 of the volume of 1 gram of gaseous radium. 

This is equal to * ^ — x 226 being the accepted atomic 

■ 22,400 xlOOU 6 * 
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weight for radium ; the 
and is A, or the disinte. 



is 3‘98 x 10 4 gram per year ; hence the AalF-lifh' p^ 
1744 years, or, in other words, 1 gram of ' radium 
reduced^to 0*5 gram after 1744 years. 

-.^Hsxvbrbity College, 

London* 


XXj P-The Intramolecular Reari'angement of iMphenyl 
amine ortho- Sulphoxides, Part II 

By Edward de Barry Barnett and Samuel Smiles, if. 

In a previous communication to the Society on this subject it was 
shown that the ortho-sulpkoxides of diphenylamine (type I) may 
be transformed by the action of acid reagents into the sulphonium 
hydrates (type H). At the same time it was observed that if the 
NH N N m 

/V\/\ /\APK 


I I 

A/' 

so 


UA/> 

s 


I I i 

\A * 

s 


OH Ac 

(I.) (II.) (III), 

sulphonium grouping be sufficiently basic, the corresponding 
(type III) may be formed. The tetranitro and the two isomerffe 
dipitro-sulphoxides yielded the sulphonium hydrates, but the parent 
compound (I) furnished phenazothionium chloride. In the four 
cases examined, it was observed that the sulphonium derivatives 
contain an additional molecule of water ; but usually this may be 
removed by crystallisation from high boiling solvents: 

The investigation of this reaction has been continued with the 
object of determining the mechanism by which the change takes 
place, and the results are now collected in the following pages. 

From the mere inspection of the formulae (I and II) representing 
the initial and final products of the reaction, it might be supposed 
that the sulphonium hydrate is formed simply by the migration 
of hydrogen from the imino-group to the oxygen of the thionyl 
group. In order to test whether this is actually the case or not, 
wevhave examined the behaviour of sulphoxides in which this 
imt|wc hydrogen is replaced by alkyl. It has been found that these 
derivatives .undergo the change as readily as the unsubstituted 
compounds. The two chief examples studied were the dinitro- 
A'nmh|ldiphenylamin e ortho-sulphoxide (IV), which has been pre- 
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Assuming that the course of the reaction is the same with these 
A-aikyl derivatives as with the imino-compounds, it might , then 
be concluded that with the latter the reaction does not mvolve*the 
direct movement of the imino-hydrogen atom, for on a pmjri 
grounds it is improbable that the alkyl group should be transfeirld 
with such ease under the conditions favourable to the reaction. 
This conclusion, however, cannot be accepted until some acriial 
proof is obtained of the immobility of the alkyl group, for many, 
instances are known where the transposition of alkyl from one atSm. 
to another can be detected, although the treatment then required 
is usually more energetic than that necessary to the "present 
reaction. The proof that alkyl is not removed from nitrogen during 
she reaction has been obtained in the case of iV-methyldiphenyh 
imiue o-sulphoxide. This sulphoxide, when treated with hydrogen 
hloride, absorbs one molecular proportion of the halogen acid, being 
hen converted into the chloride of a base which is deep red in 
colour and has properties similar to those of the phenazothionium 
lerivatives described in a previous paper. It may be renf&rfchd 
hat the quinonoid structure of this chloride is demonstrated by 
he further action of hydrochloric acid, which yields a chloro- 
lerivative of tf-methylthiodiphenylamine. If the methyl group is 
•ransferred from the nitrogen in this reaction, the only alternatives 
ire that it may either enter the aromatic nucleus (as in VI), or 
>ecoi5ie attached to the thionyl group (as in VII). In either case 
he substance which is formed would be represented as follows 
VI and VII) : ; /* • 



+ H,0 


01 

(VI.) 


i / Yy\ 

\AA/* HCI 

s 

o«ch„ 

(VIL) . 


HO CfL 

\/ 8 



*•01 ' * 
(VIII.) 
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and on reduction it should furnish either a methylthiodiphenyl. 
amine (from VI) or thiodiphenylamine itself (from TO). ^ We find, 
however, that reduction of the quinonoid salt does not yi|ld either 
of these compounds, but that instead V-methyltEiodiph^|'lami Ile 
is formed. It f 'Hows that the constitution of this substance must 
be as represented in the third of the foregoing (^III)Hformul$j 
but it, is impossible conclusively to show whether salt formation 
takes place at the ammonium or sulphonium groups. Moreover, the 
salt is not very stable, since, as previously noticed, it readily 
changes to chloro-iV-methylthiodiphenylamine, thus affording 
further proof of the immobility of the methyl group. The experi- 
ments dealing with these derivatives of V-methylthiodiphenylamine 
are described in the following paragraphs. 


Experimental 

Conversion of N-fl / e i hyldiphenylamin e ortho -Sttlph o xid e into th. 

Sulphonium Derivative, 

Attempts to prepare this sulphoxide were made by treating 
V-methylthiodiphenylarnine with hydrogen dioxide in acetone sofo. 
tion, but only small quantities of the substance could be obtained 
by this method, almost the whole of the sulphide being recovered 
unchanged after remaining with the reagent for about three week 
Attention is drawn to this result, since thiodiphenylamine is readily 
oxidised to the sulphoxide under these conditions. Berntbsen 
( Annalen , 1885, 230 , 92) has shown that A-methylthiodiphenyl- 
amine may be converted into the sulphone by hot aqueous per- 
manganate, but we find that this reagent under similar conditions 
furnishes satisfactory yields of the sulphoxide. 

A solution of six grams of A-methylthiodiphenylamine in acetone 
was acidified with dilute sulphuric acid, more acetone being added, 
if necessary, to retain all in solution. Two grams of finely powdered 
potassium permanganate were then gradually added, the tempera- 
ture being kept at about 15° by immersing the flask in cold water, 
Care was taken to ensure the presence of a slight excess of sulphuric 
acid during the reaction. The mixture was shaken for a few hours; 
then the crystalline precipitate was collected, and well washed with 
water. The residue was agitated with a cold aqueous solution of 
sulphurous acid, and finally recrystallised from alcohol. The least 
soluble portion contained small quantities of the sulphone, and it 
was therefore rejected. Nine grams of the- crude sulphoxide were 
obtain from IS of sulphide. 

N -M ethyldiphenylamine ortho-mdphoxide forms colourless leaflets, 
which melt at 193°. It is sparingly soluble in cold acetone or 
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ifii 

alcohol, and insoluble in water. Concentrated sulphuric or hydro- 
chloric acid forms bright red solutions, mhich contain the phenazo- 
thionium derivative. A sample which hid been dried in a vacuum 
fl’&s analysed: ><* 

0*1009 gave 0*2520 00 2 and 0*0443 H 2 0. C=&7‘9; H=4$8. 2 

0*2315 12*6 c.c. N 2 at 17° and 763 mm. N=6*4. 

C^HnONS requires C = 68*l; H=4*8; N=6*3 per cent. 

Action of Acids. — This sulphoxide is readily soluble in concen- 
trated aqueous hydrochloric acid, being then converted into the 
deep crimson hydrochloride. The attempts made to isolate the 
latter in the pure condition were unsuccessful, chiefly on account 
of the hygroscopic nature of the substance, and the ease with which 
it is transformed into the chloro-derivative of iVunethylthiodi- 
phenylamine. The platinichloride was therefore prepared t'dby 
addition of chloroplatinic acid to the aqueous solution of the salt. 
The precipitate was collected, and after recrystallisation it was 
dried in a vacuum before analysis : 

0*2161 gave 0*0474 Pt, Pt=21'93. 

0*1184 „ 0*1568 C0 2 and 0*0238 H 2 0. C=36*l; H=2*2. 

(CjaHuON S,HCl) 2 PtCl 4 requires" Pt= 22*4; C = 35*9. 

H=s2’7 per cent. 

The platinichloride of '8-methylphenazothionhim (VIII) forms 
minute, reddish-brown needles, which melt with profound decom- 
position at about 255°. 

Reduction .— The hydrochloride was reduced a a rapidly as possible 
in methyl-alcoholic solution with tin and hydrochloric acid. When 
reduction was complete, the colourless solution was poured into 
water, and the precipitate was collected. The product contained a 
small quantity of the chloro-derivative, and, in order to remove 
this, it was fractionally crystallised from methyl alcohol. The 
melting point and solubility of the chloro-compound lie close to 
those of A-methylthiodiphenylamine, and a complete separation is 
net easily made. However, after repeated crystallisation, a sample, 
which melted at 98°, was obtained, and this, when mixed with 
A -methylthiodiphenylamine (m. p. 100°), melted at the same tem- 
perature. It contained traces of chlorine. In order to obtain 
further proof that thiodiphenylamine is not formed during the 
reduction of the chloride, both the crude and purified (m. p, 98°) 
products of reduction were treated with nitric arid (D 1*4) under 
the conditions which yield the dinitro-derivatives of the group. 
The mtro-derivative was insoluble in hot aqueous alkali hydroxide, 
whereas the mtro-derivatives of thiodiphenylamine are readily 
attacked by this reagent, yielding deep red solutions of the alkali 
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salts. Experiments made with artificial mixtures showed that very 
small quantities of thio^henylarSine . may be^detected in the 
presence of a large excess 

Thaie : experiments show that, the methyl group of i^-methylthiodi. 
phSiylamine^remains undisturbed during the conversi^ vv to tta 
quinonoid salt. 

Conversion of N -. Hethyldmitrophenylamine o-Sulphoxide. The 

dinitro-sulphoxide was prepared from A-methylthiodipbenylamine 
by the action of nitric acid, and it was purified in the manner 
recommended by Bernthsen (Anmrien, 1885, 230, 92). To ensure 
the purity of the substance employed, a sample was analysed: 

0*1037 gave 0*1841 C0 2 and 0*0298 H 2 0. C=48*4; H = 32. 

C 1s H 8 0 5 N 3 S requires C=48*9; H=2'8 per cent. 

The conversion of the sulphoxide into the sulphonium derivative 
was effected by means of sulphuric or hydrochloric acid. 

(a) Concentrated Sulphuric Acid. — A ’solution of dinitre- 
A-methyldiphenylamine o -sulphoxide in this acid was set aside for 
half an hour at the atmospheric temperature, and then poured on 
to powdered ice. The solid precipitate was collected and washed 
with water until free from sulphuric acid; it was then triturated 
with dilute aqueous sodium hydroxide to remove a small quality 
of soluble material. The latter is probably formed by repl^fcmpt 
of the nitro- by the hydroxyl group (see Barnett and SmileMlpB., 
1909, 95, 1262), hut it was not further investigated, re- 

newed filtration and washing, the reddish-brown product was 
crystallised from hot glacial acetic acid. Samples of the once (1) 
and four times recrystallised (2) product were analysed after being 
dried in the steam-oven. 

(&) Hydrogen Chloride.— Methyl alcohol was saturated with 
gaseous hydrogen chloride at 0°, and excess of the solution was 
mixed with the dinitro-sulphoxide. The mixture was shaken for 
six hours, and then set aside at the atmospheric temperature. 
After the lapse of forty-eight hours, the dark brown liquid con- 
tamed in suspension an orange-red, crystalline substaned, and, since 
this evidently was different from the more soluble portion, it was 
collected and separately treated. The solution, which was shown by 
subsequent experiment to contain the bulk of the desired sulphonium 
compound, was mixed with a large quantity of water, and the now 
insoluble product was collected and purified by recrystaliisation 
from glacial acetic acid. Analysis (3) was then made with a 
sample from the fourth recrystaliisation. The crude product con- 
tained traces of non-ionisable halogen: 
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(1) 0-10X0 gave 0*1774 CO. and 0'0296 I^O. C=47'9; H=3-26. 

(2) O’lOOfe j, • i QJL752, CO a ^ ^OOSGftipaO. C=47*5; H=2*87. 

(3) O’lOOff # 0-1752 C-47‘5; H=3*16. 

CisHjO^SjJH^O requires C= 47*56; H=3’0/per ce^ . / 

The analyseg show that, as with the nitro-deri v atives ^pf.; thio- 
diphenylamine which have been previously studied (Trans*, 1909, 
95, 1257), the conversion of the sulphoxide to the Bulphohium 
derivative is accompanied by absorption of water; but herqJ&e 
molecular proportion is half that previously observed, and,, ft is 
more firmly retained, since it cannot be removed by heating or by 
recrystallisation from high boiling solvents. ■?&.. 

J)mitro-l^-Tn^thylphenazothionium hydrate forms reddish-brown 
leaflets, which do not melt below 250°. It is sparingly soluble in 
cold benzene or glacial acetic acid. By reduction and subsequent 
oxidation, the substance is converted into the greenish-blue dye 
which is obtained by the same process from the dinitro-sulphoxide ; 
but in contrast with* the latter it does not exhibit the reaction 
characteristic of the thionyl group (Trans., 1906, 89 , 696), since 
it does not yield the $-phenetyl derivative when treated ■ with 
phenetole and sulphuric acid. The only formula which can be 
assigned to the anhydrous compound is the following: 

CH S 

N 

/yiv\ 

I NO, | O | N0 2 i , 

\/\l/\/ 

s 

(IX.) 

but from reasons which will presently be stated, it is probable that 
the additional water in these substances is of constitution. 

The insoluble portion of the product which was obtained by the 
action of hydrochloric acid on the dinitro-sulphoxide was separately 
collected and recrystallised from hob glacial acetic acid. It was 
thus obtained in bright orange-red leaflets, which remained un- 
decomposed- at 250°. Samples from two different preparations were 
analysed : 

(1) 0-1004 gave 0-1777 C0 2 and 0*0303 H 2 0. C= 48*3*®:== 3*51. 

(2) 0*2028 „ 0-3616 C0 2 „ 0*0516 H 2 0. C=48 6; H=2 8. 

C 13 H 9 0 5 N 3 S requires 0=48*90; H = 2*82 per cent. 

When crystallised from hot nitrobenzene, the substance is 
obtained with solvent of crystallisation: : 

0'2000 gave 0*3718 C0 2 and 0-0656 H s O. 0=507; H=3'6. 
2C lg H 9 0 5 N 3 S,C e H 5 0 2 N requires 0=50 6; H = 3‘0 per cent. 
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The presence of nitrobenzene in this substance was proved by 
mixing the sulphuric acid solution wtyh water and passing a current 
of steam through the liquid. The substance melts and decompose 
at about 280°. Further experiment showed that this compound 
does not contain the sulphonium grouping, and since it yields the 
(S'-phenetvlsulphonium salt when treated with phenetole in sulphuric 
acid solution, it may for the present be regarded as an isomeric 
form of the original sulphoxide. Probably the isomerism involves 
the^nitro'grouping. 

Assuming that the conversion of sulphoxide (I) to sulphonium 
base (II) takes place in the same manner with the imino-componndg 
as with these A-methyl derivatives, it is clear that the hypothesis 
of migration of hydrogen from the imino to the thionyl group 
cannot be accepted as an adequate explanation of the change. The 
ortho-sulphoxides of diphenylamine contain the imino- and thionyl 
groups, and it is well known that each of these in simple derivatives 
possesses basic properties. So far as the thionyl group is concerned, 
it has been shown that the aliphatic (Saytzeff, Annalen, 1867, 144, 
148) and aromatic (Smiles and Le Rossignol, Trans., 1906, 89 , 697) 
sulphoxides form nitrates and hydrochlorides. From these con- 
siderations and from the fact that the reaction can be effected 
only by acid reagents, it seems probable that the salts of the 
sulphoxides are formed in an initial stage of the reaction, and 
that these are subsequently changed into the sulphonium derivatives. 
That a causal relation exists between the formation of these salts 
and the production of the sulphonium compounds may be shown 
by the following experiments. 

(1) The Action of the same Acid Reagent on Sulphoxides of 
Varying Basic Power. — Experiments were made with the tetra- 
nitro-, di-p-nitro-, wodinitro-, and the unsubstituted diphenylamine 
sulphoxides, the reagent being alcohol saturated with hydrogen 
chloride at the atmospheric temperature. In each case the con- 
ditions adopted were the same : the sulphoxide was shaken with a 
large excess of the acid reagent at about 15 — 17°, and the 
approximate time required for the complete conversion to the 
sulphoxide was observed. The results are collected in the following 
table : 

Substance. Approximate time required. 

Diphenylainitu! o-sulphoxide apparently instantaneous. 

, JV-MethyldiphenylaTnine o-sulphoxide apparently instantaneous. 

Di-p-nitrodiplienylairtine o-sulphoxide about five hours. 

•isoDinitrodiplienylamine o-sulphoxide about five hours. 

Tetranitrodiplienylamine o-sulphoxide ... about three weeks. 

The data cannot be regarded as anything more than very rough 
approximations; but they serve to show that by decreasing the 
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basic function of the sulphoxides, the tendency to form the sul- 
pbonium base is correspondingly diminished. 

( 2 ) The o£ Acids of Varying Strength on the same 

Sulphoxide.— In these experiments the,diphenylamine o-sulphoxide 
vas employ^ as the standard. The colourless solutions of this 
substance become deeply coloured 'on the addition of acids, the 
salt of phenazothionium being then formed. Equal volumes 
(50 c.c.) of 2A-aqueous solutions of acetic, monochloroacetic, .tri- 
chloroacetic, and hydrochloric acids were separately mixed at |he 
same moment with 50 c.c. of an alcoholic solution (0*1 per cent.) of 
the sulphoxide. After a suitable lapse of time (thirty minutes), 
the solutions were examined in layers of equal depth. A difference 
between the intensity of colour in these solutions could be readily 
detected, but quantitative measurements of the intensity were not 
made, since the solutions containing the stronger acids were of 
slightly different colour, probably owing to the formation of di-acid 
salts. When arranged in order of increasing intensity of colour, 
the solutions fall into "the following order: 


Fifty c.c. of O'l per cent. Solution of Diphenylamine Sulphoxide in 
Alcohol . 

Relative coefficients 


With 50 c.c. of of saponification 

aJY-solution of velocity. Remarks. 

Acetic acid 0*003 colour appeared after 1 hour. 

Monochlnroacetic acid 0*043 faint colour immediately produced. 

Trichloroacetic acid 0*682 immediate coloration. 

Hydrochloric acid 1 -000 immediate coloration. 


It may he remarked that after the further lapse of time the 
intensity of colour in these solutions increases, and the difference 
between each solution becomes even more pronounced. The centre 
column of the table shows the relative affinities of the acids; the 
data were obtained by Ostwald (J. pr. Ghent., 1883, [ii], 28, 449) 
from measurements of the velocity of hydrolysis of methyl acetate. 

Assuming that the intensity of colour of these solutions is 
roughly proportionate to the quantity of azothionium salt present, 
it follows that the amount of this salt formed at the end of a given 
period is controlled by the strength of the acid employed. It is 
clear that these two sets of experiments justify the hypothesis that 
the conversion of the sulphoxides to the sulphonium compounds 
depends on the preliminary formation of salts of the former sub- 
stances with the acid reagent. 

It is, however, difficult conclusively to determine the process by 
which these salts are converted to the quinonoid compounds, since 
they cannot be isolated in the pure condition for separate treat- 

VOL. XCVII. o 
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menfc. There are, however, only two alternatives : either (a) that 
they lose the elements of water, or (ft) that migration of hydroxyl 
takes place. These will be separately dealt with in the order 
given. 

To assume that elimination of water takes place in the mono- 
acid sulphoxide salt (X«) is evidently incorrect, for on this basis 
the conversion of the iV-m ethyl derivative would be impossible, 
and no account would be forthcoming of the additional molecule 
of water in the products. In all the examples studied, a large 
excess of acid is necessary completely to effect the reaction, and 
this fact lends colour to the assumption that the salts which undergo 
the change are of the di-acid type (X). It is apparent that these 


NH 
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/\ 

OH Cl 

(Xa.) 
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Cl-N-H 

/\/\/\ 
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/\ 


OH Cl 
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salts would be converted into the azothionium salts by the loss o£ 
the elements of water, the complete process being represented as 
follows : 


NH 



hydrolysis 
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Moreover, it is apparent that whether the resulting quinonoid 
salt (XI) can be isolated or not must depend on the basic character 
of the sulphonium and ammonium groups, and this is controlled 
by the nature and number of the groups present in the aromatic 
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nuclei (Kehrmann, Ber 1906, 39, 914; Smiles and Hilditch, Trans., 
1908, 93, 1B91). For example, the parent phenazothionium com- 
pound is obtained as the monohalide (XTI) (Trans., 1909, 95, 1259), 
whilst the di- and tetra-nitro-derivatives, being completely hydro- 
lysed during the process of isolation, appear as sulphonium 
hydrates (XIII). 

It is necessary to observe that this explanation of the process 
satisfactorily accounts for the invariable occurrence in the azo- 
thionium compounds of an additional molecule of water, which is 
so difficult to remove as to give rise to the suspicion that it is not 
merely water of crystallisation. 

Moreover, a satisfactory account is given of the conversion of 
the tf-methyl sulphoxide to the sulphonium compound. The follow- 
ing formulae represent the process : 


Cl ch 3 

Cl CH a 

HO CH, 

V 

\/ 

\/ 

Nil 

N 

N 

(YY) 

H0 /\^\/\ , , , . 

- UjO III hydrolysis 

/\^\/\ 
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>• III >• 
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/\ 
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In this case it must remain doubtful whether hydrolysis takes 
place at the ammonium or sulphonium group, hut the formula 
given for the product is the more probable of the two alternatives, 
for with the parent compound thero can be no doubt that the 
product is the sulphonium halide, since it has been isolated in the 
anhydrous condition (Kehrmann, Ber., 1901, 34, 4170). 

The alternative hypothesis of migration of hydroxyl from 
quadrivalent sulphur to tervalent nitrogen in the sulphoxide salt 
affords an equally satisfactory explanation of the change. From 
this point of view the reaction must he regarded as a true intra- 
molecular rearrangement, being represented as follows : 

HO H (or R) 

NH (or R) N 

,/\/\/\ /\/V\ 

I I I I — ^ I I i 

\/\/\/ \/w 


s s 

/\ ni 

Cl OH cl 


But, as previously remarked, we are at present unable to offer 
aa y decisive evidence for the preference of either alternative 
hypothesis. On general grounds, the former of the alternatives 
given seems the more probable. 
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Iu conclusion, it must be stated that the hypothesis described 
is advanced to account for the following facts: 

(1) The immobility of the alkyl group during the conversion of 

A-methyldiphen y lamine o-sulphoxide. 

(2) The more basic the character of the sulphoxide, the more 
readily does the change take place with a given acid reagent. 

(3) The conversion of a given sulphoxide proceeds more easily 
the stronger the acid employed. 

(4) The absorption of the elements of water during the reaction. 

The results of the study of this reaction may be summed up aa 

follows : 

(1) The conversion of diphenylamine sulphoxides to phenazo- 
thionium derivatives does not take place by direct migration of 
hydrogen from the imino-group to the oxygen of the thionyl group, 

(2) The salts of the imino-sulphoxides are first formed with the 
acid reagent, and these are then converted into the phenazothionium 
salt either (a) by loss of the elements of water, or (&) by migration 
of hydroxyl from the quadrivalent sulphur to tervalent nitrogen. 

Preliminary experiments have shown that the conversion of the 
thionyl group to the quinonoid thionium arrangement may be 
effected not only in other cyclic systems, but also in hydroxy- and 
amino-sulphoxides. These substances are now being investigated, 

In conclusion, we desire to thank the Research Fund Committee 
of the Chemical Society for a grant which has defrayed the expense 
of this research. 

The Okganic Chemistry Laboratory, 

University College, London. 


XXI . — The Adsorption of Uranium-K by Barium 
Sulphate. 

By Arthur John Berry, B.A. 

Becquerel has shown (Compt. rend., 1900, 131, 137; 1901, 133, 
977) that when barium is precipitated as sulphate in a uranium 
solution, the photographic activity of the latter is removed by the 
barium sulphate. A similar result was obtained by Sir William 
Crookes ( Proc . Hoy. Soc ., 1900, 66, 409), who found that uranium 
compounds could be obtained photographically inactive by a single 
chemical operation, the whole of the photographic^ activity being 
concentrated in a small residue termed uranium*X by Crookes. 
Soddy (Trans., 1902, 81, 860) showed that the whole of the 0-ray 
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activity of uranium is due to tlic uranium-X, which is one of the 
disintegration products of uranium (Rutherford and Soddy, 
pjiil. ■■ 1^03* fvi], 5, 441). 

Jn the present communication, the adsorption of uranium-X has 
been investigatecr quantitatiycly, and evidence has been obtained 
of a definite " partition coefficient ” between the uranium-X in the 
barium sulphate and in the solution. As the experiments were 
approaching completion} the author’s attention was directed to a 
paper by Ritzel ( Zeitsch . physikal. Chem., 1909, 67, 724). Ritzel 
investigated the absorption of uranium-X by carbon, and he 
mentions (loc. cit p. 727): “ Als Adsorbens wollte ich zunachst 
Bariumsulphat verwenden Vorversuche zeigten aber bald dass das 
Bariumsulphat, von Versuch zu Versuch, mit sehr schwankender 
Kristallgrosse ausfallt, und man kann deshalb keine guten Resultate 
erhalten.” The present writer did not experience any difficulty of 
that kind. It was Usually found perfectly easy to repeat a result 
under any given conditions. However, the use of barium sulphate 
is a disadvantage in studying the effect of time in the adsorption 
of uranium-X, as it is probable that the crystals would increase in 
size with lapse of time. 


Experimental. 

A solution of pure uranyl nitrate (Merck), containing 400 grams 
per litre, was employed. This 'solution was in radioactive equi- 
librium. Experiments were always carried out with 25 c.c. of this 
solution. The /3-ray activity due to the uranium-X in this quantity 
of material was determined by Crookes’s original method (loc. cit.). 
The liquid was diluted considerably, heated to boiling, a trace of 
ferric chloride added, and ammonium carbonate added in quantity 
sufficient to redissolve the precipitate of uranium carbonate. The 
liquid was then filtered from the ferric hydroxide, and the activity 
of the uranium-X, removed by the latter, measured by a j8-ray 
electroscope. 

This electroscope was of the ordinary single-leaf type. The case 
of the instrument was a stout brass cylinder, the internal diameter 
being 10T cm., and the internal height 12 ‘6 cm. The base of the 
electroscope was of aluminium foil O’l mm. thick. The pre- 
parations were placed on a board at a fixed distance (7*7 cm.) 
below the base of the instrument. The rate of leak was determined 
m the usual way with a reading microscope and a stop-watch. In 
every case, the “ natural leak ” of the instrument was determined 
and allowed for. This natural leak varied but slightly, the usual 
value being 3‘7 scale divisions per minute. The measurements were 
always compared with the leak due to a standard consisting of black 
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uranium oxide. The mean of three concordant determinations of 
the 0-ray activity in 10 grams of uranyl nitrate carried out in this 
manner was 106'6 scale divisions per minute. 

It was always possible to separate more than 90 per cent, of 
the uranium-X in the first operation by Crooles’s method. On 
acidifying the filtrate with nitric acid, and repeating the process, 
practically all the remaining uranium-X was removed. This was 
checked by testing the residue after ignition. 

Unless otherwise stated, the experiments were conducted as 
fellows. The measured quantity of uranyl nitrate solution was 
taken, acidified with a given quantity of a 10 per cent, solution of 
sulphuric acid, and a quantity of water added, which, together 
with the quantity of standard barium nitrate (2*5 grams per litre) 
employed for precipitation, would make the solution up to some 
definite volume. The precipitation was carried out in the cold, and 
the liquid kept overnight. The solution was then boiled for one 
minute, the barium sulphate collected, and its /3-rav activity 
measured. The absorption of the j3 -radiation in the barium sul- 
phate may he neglected, since the greatest mass of precipitate on 
the filter paper was only 0*11 gram. 

If there is a definite equilibrium between the uranium-X in the 
barium sulphate and in the liquid, we should have : 

CfiftS0 4 _ 7 . 

O ’ 
liquid 

where G is the concentration of the uranium-X, and k and n are 
constants. The concentration in the barium sulphate is xjm s 
where x is the amount of uranium-X adsorbed, and m the mass of 
barium sulphate. The concentration in the liquid is a — xjv, where 
a is the initial quantity of uranium-X and v is the volume of the 
solution. If there is equilibrium we should have : 
log (a —a?) j 

T _ = constant, 

log - n 

m 


Series I. — a— 106*6 divisions per minute, 
sulphuric acid added to liquid. v = 150 c.c. 

1 c.c. of 10 per cent. 


X 

log (a -aQ 1 

m 

(divisions per 

log-- = -’ 

(gram). 

minute). 


0-0044 

2-7 

0*74 

0*0088 

5-3 

0-72 

0*0110 

0-3 

0-72 

0-0154 

8-1 

0*73 

0-033 

14 -7 

0*74 

0 044 

19-3 

0*74 

0-066 

21-8 

0*77 

0*088 

24*1 

078 
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Series II - — <5=106*6 

divisions per minute, 10 c.c. of 

10 per 

cent, sulphuric acid added to liquid, v 

= 250 C.C. 


X 

log (a -a:) j 


m 

(divisions per 

M 


(gram). 

minute). 


0*0044 

41 

0-68 


00110 

151 

0-63 


0-022 

38-7 

0 57 


0 033 

47*7 

0-56 


0’044 

54*7 

0-56 


0'055 

60*3 

0*55 


0-088 

70*3 

0*54 


0110 

76*9 

0*52 



Series III . — In this series the procedure was somewhat different. 
The uranium-X from one quantity (25 c.c.) of uranyl nitrate was 
removed by successive precipitations on separate days. The filtrates 
were always made up to a constant volume (140 c.c,), and pre- 
cipitated each day by 10 c.c. of the solution of barium nitrate; 
15 c.c. of 10 per cent, sulphuric acid were added at the beginning 
of the series only, v = 150 c.c. In calculating 1 jn, a correction was 
made for the value of ( a — x) i owing to the solution recovering its 
uranium-X content with time. The correction was made by a 
recovery curve for uranium-X. m=(H)22 gram, a (initially) = 
106'6 divisions per minute. 


X 

(n-x) 

log (a-*) (corrected) 

(divisions per 

(corrected for 

log — n 

VI 

minute). 

recovery of Ur.-Jf). 

43*7 

64*6 

0-55 

30-4 

35*8 

0*50 

17-3 

21-0 

0*46 

io-o 

13-7 

0*43 

5-6 

11*0 

0*13 


Series IV . — This series is precisely similar to series III, excepting 
that 20 c.c. of 10 per cent, sulphuric acid were added to start with. 
v=150 c.c., m=0'022 gram, and a (initially) =106*6 divisions per 
minute. 


a 

(a -a) 

log («• - x) (corrected) . 

(divisions per 

(corrected for 

log * 

=— • 

minute). 

recovery of Ur.-X). 

Ml 


45*0 

63*0 

0*54 


30*4 

347 

0*49 


17'0 

20*1 

0*45 


87 

13*9 

0*44 


5-6 

11’2 

0*44 


From series I and II, it is evident that dilution and excess of 

sulphuric acid favour the adsorption of 

uranium-X, 

other things 

bemg equal. The influence of these two factors, separately, was 

confirmed by numerous other experiments, which it is 

unnecessary 

w describe here. 
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Series III and IV are of interest, inasmuch as continuallj 

diminishing the concentration of the uranium- X in thp solution 
scarcely affects the constancy of lfn. t 

.With regard to the effect of time, the following experimental 
facts may he of interest. It was found that as much uranium-X was 
adsorbed hy the barium sulphate two hours after precipitation 
when the liquid was kept all night after precipitation. But if the 
liquid was kept for three days before collecting the barium sulphate, 
the quantity *of uranium-X adsorbed was greater. This would 
appear to indicate that adsorption takes place very rapidly at 
first, but that diffusion of the uranium-X into the barium sulphate 
particles takes place afterwards, and this latter process goes on 
for a considerable time. However, no great importance is to be 
attached to these time experiments, owing to the probable increase 
in size of the adsorbing particles. For the same reason, it is 
difficult to obtain evidence as to whether there is a definite 
equilibrium between the uranium-X in the solid and liquid phases 
which can be approached from both sides. Such a reversible 
equilibrium has been shown to exist in the case of the partition 
of uranium-X between carbon and solution by Ritzel (toe. cit. y 
p. 735); who finds that for this equilibrium the equation 
Ci = constant x Ci, where Ci and Ck denote the concentration of the 
uranium-X in the solution and in the carbon respectively. 

The author desires to express his sincere thanks to Mr. Soddy for 
the interest he has taken in these experiments and for his valuable 
suggestions. 

Physical Chemistry Laboratory, 

Glasgow University. 


XXII. — 2-Phenyl-l : %-benzoxazineA-one, 

By Arthur Walsh Titherley. 

In his criticism of the mefcoxazone theory of labile isomerism in the 
acylsalicylamide group, Auwers {JBnF, y 1907, 40, 3506) attributed the 
change of W-benzoylsalicylamide (I) to 0-benzoylsalicylamide (III) (hy 
boiling with acetic acid) to the intermediate formation of the unsatur- 
ated ring (II) by loss of water, which then immediately decomposed 
this hypothetical ring, yielding the 0-benzoyl derivative, thus : 

CO-NH ^CO-N +W „ .CO-HH, 

C 6 H 4<o H coPh *X)— CI 


(I.) 


(II.) 


(HI.) 
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This view was shown to be untenable by Titherley and Hicks 
(Trans., 1909, 95, 908), but it appeared desirable to effect if possible 
the synthesis of this ricg-compound in order that a study of its 
properties might be made in relation to the derivatives in. the acyl- 
salicyl amide group. Several attempts were made to prepare it from 
CO*NH 

phenylbenzometoxazone,* 0 6 H 4 <^_ CHPh* e ^ m * na *'* D g two hydro- 
gen atoms, and from 0 * and iV-benzoylsalicylamides by the action of 
dehydrating agents, like phosphoric oxide and zinc' chloride, but 
without success. 

Eventually the compound was synthesised from phenyl salicylate 
aod phenylbenzamidine by loss of phenol and aniline, thus : 


.COOPh 

+ 


NH, 

PhNH 


>CPh — 


n Tr JOO-N 

.6 ^0~CPh + 


PhOH + PhNH 0 , 


and it was hater found that the same ring compound could be obtained 
when special precautions were observed, by the action of hydrogen 
chloride on either JV- or O-benzoylsalicylamide at temperatures 
between 110° and 140°. These independent syntheses, which are 
discussed later, and the properties of the compound place its consti- 
tution beyond doubt, and it is, therefore, 2-phenyl-l :3-benzoxazine- 
4-one. 

The compound has the same melting point, 106°, as that of its 
isomeride, benzoylsalicylnitrile, CN’CgH^OBz, from which, however, it 
differs greatly. It is markedly additive in properties, and its most 
striking addition is with water. With pure water or dilute alkalis it 
is almost unaffected, hut in presence of hydrogen ions it rapidly adds 
one molecule of water, a quantitative yield of W-benzoylsalicylamide 
being produced. This simple circumstance finally disposes of Auwers’s 
hypothetical contention which involves direct hydrolytic rupture at 
the double linking, but is intelligible on the author’s theory that the 
intermediate hydroxy-derivative (IV) is too unstable to exist, as 
already frequently indicated, and at once rearranges to A-benzoyl- 
salicylamide, thus ; 




.CO-N H«o. 

II 

•O-CPh 




CO’NH 

0-“CJPh*OH 

(IV.) 


— > C a II 4 < 


CONH'COPh. 

OH 


The still alternative explanation that hydrolytic rupture takes place 


I be correct name of this compound is 2-phenyldihydro-l : 3-benzoxazine-i-oue 
but in view of its use in previous papers, “ phenylbenzometoxazone is retained in 
the present one. 
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between the phenolic oxygen atom and the carbon atom to which % 
phenyl group is attached, is discounted by the comparatively g re ^ 
stability of the unsaturated ring-compound with alkali, which would 
favour such a rupture, and the only possible mechanism appears to he 
the above, which is identical with that occurring in the conversion 
of nitriles into amides through the agency of acids. 

The above mechanism throws some light upon the decomposition by 
water in presence of hydrogen ions of certain allied compounds in 
which the double linked C‘N pair appears in the molecule. Auwers 
observed (Ber., 1904, 37, 2249) that the comparatively stable unsatur. 
ated ring (V) yields a hydrobromide which in aqueous solution adds 
water and passes into the salt of o-aminobenzyl acetate (VII), whilst 
J. F. Thorpe has shown that all true imino-compounds (VIII) are at once 
decomposed by dilute acids, giving ketonic derivatives (X). In these 
cases a similar mechanism is evidently at work, in which (1) the 
hydroxy] group attaches itself to carbon and the hydrogen atom to 
nitrogen, and (2) the resulting unstable compound (VI or IX) changes 
either by wandering of a hydrogen atom or by loss of ammonia into 
a stable derivative : 


N — CMe H0 £ 


C 6 H 4< CHj .O 

(VI.) 

HOH 
— > 

(IX.) 


.NH-CMe-OH 


C.‘0 + NH, 


That such intermediate hydroxy-compounds are first formed in the 1 
cases observed by Auwers and Thorpe appears to follow from the 
complete analogy of these reactions to that of 2-phenyl-l : 3-benz- 
oxazine-4-one, where the production of tho intermediate hydroxy- 
compound must be admitted on the grounds already stated and 
in view of the author's previous observations. 

Contrasting the intermediate hydroxy-derivatives in the author’s 
case (XI) with that of Auwers (XII) : 

C°*NII NH-CMe-OF 

6 4< X) — CPh'OH C « H4 <CH 2 -6 

(XL) (XII.) 


it is clear that when the hydrogen atom of the hydroxyl group 
wanders, (XI) yields an A"-acyl derivative, whilst (XII) yields an 
0-acyI derivative. Theoretically, each could yield an 0- or V-acyl 
derivative according to w'hether the hydrogen atom wandered to 
nitrogen or to the phenolic oxygen atom, and the final result probably 
depends on the conditions which favour one or other of these 


alternatives. Thus, in Auwers's case it is natural that the hydro- 
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bromic acid would favour the production of the 0-acyl derivative, 
lehieh is a base and yielded the salt, rather than the neutral jV-acyl 
derivative, which is an amide. In the author’s case neither the 
q . n or A-benzoyls&licylamide is a base, and the rearrangement yields 
simply the stable form (A^benzoyl). At the same time it must be 
n0 ted that, although neither of the isomerides is a base in the ordinary 
igense, 0-benzoylsalicylamide as a primary amide must be more basic 
than its isomeride, which is secondary. Experiments which have been 
made on the two isomerides show that the former is more basic, and 
yields a definite hydrochloride when treated in presence of benzene 
with hydrogen chloride. It might therefore be anticipated that 
hydrogen chloride should effect the rearrangement of A-benzoyl- 
salicylamide into its isomeride [through the hydroxy-form (XI)]. 
Such a change has already been partly effected by continued boiling 
mlh pure acetic acid (McConnan and Titherley, £rans., 1906, 89, 
1331 ), a fact which supports the supposition that the intermediate 
hydroxy-form may open in either of the two alternative ways 
according to conditions (acetic acid favouring the production of the 
more basic 0-benzoyI derivative). Experiments on the action of 
hydrogen chloride on i\r T -benzoylsalicylatnide in benzene showed that 
no change took place in the cold, but that in presence of boiling 
xylene slow and incomplete rearrangement to 0-benzoylsalicylamide 
. occurred. As the experiments proceeded, however, it became apparent 
that, besides rearrangement, chemical elimination of water was taking 
place at about 130°, By using ethylene dibromide or anisole as 
^solvents and distilling off the water as produced, the latter action was 
' accelerated, and 2-phenyl- 1 ; 3-benzoxazine-4-one was formed in large 
quantities. The latter was even more easily obtained by the action of 
hydrogen chloride on O-benzoylsalicylamide in boiling toluene or 
xylene if the water formed was continually removed. The hydrogen 
chloride virtually behaves as' a catalyst, since relatively small 
quantities were found to he sufficient to effect the change. It is 
probable that the loss of water is not due to direct dehydration, 
but to the intermediate formation of the chloro-derivative (XIII), 
which immediately loses hydrogen chloride and apparently is incapable 
of existence : 
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When 2-phenyl-l : 3-benzoxazine- 4 one (II) in benzene solution j s 
treated with dry hydrogen chloride, a white, crystalline compou^ 
containing chlorine is precipitated, which oh exposure to atmosphei^ 
moisture rapidly passes into V-benzoylsalicylamide, bub pn treatment 
with aniline yields a yellow, crystalline solid, melting at 106°, which 
was found to have the constitution OH'CgH^CO'XICPh’NHPh 
(salicylphenylbenzamidine). From this behaviour it was suppose 
that the ring-compound had added hydrogen chloride, giving the 
chloro-compound (XIII), or, by rearrangement, the compound 
OH*C 6 H 4 *CO*N!CClPh, either of which might be expected to beha? e 
as above with water and aniline (see below). But from the fact that 
the hydrogen chloride additive product in presence of benzene 
regenerates the original ring-compound (II) with alkali, and from its 
other properties, it must be concluded that the product is merely the 
CO'N HC1 

salt, ^ j which with water would at once give iV-benzoyl- 


salicylamide (as explained above) ] whilst its curious behaviour with 
aniline subsequently became clear when it was found that the free 
ring-compound itself readily unites with aniline, producing the above 
amidine derivative according to the following scheme : 


C 6 H 4< n _ 1 


0— CPh <- 


P ± 


O— CPh-NHPh 

(XIV.) 


<wc 


.CO-NH 
OH CPhINPh 
(XV.) 

It 

+1 

CO-N 

6 * s OH CPh-NHPh* 

(XVI.) 


The reaction is reversible, and the anilino-derivative (salicylpkenyl- 
benzamidiDe) is a tautomeric substance. Its tautoaierism comprises 
the three forms (XIV), (XV), and (XVI), of which the last two 
represent 'ordinary amidine tautomerism, and it is evident that one of 
these two formul® must be given to the substance itself, melting at 
106°, because of its phenolic properties. It loses aniline, however, 
below 100°, and passes quantitatively into 2-phenyl-l : 3-benzoxazine- 
4-one, provided that the aniline is removed, and the easy reversibility 
of the above process would seem to imply that the compound is 
bordering on the verge of ring-formation (XIV). That the phenolic 
hydroxyl group and the group 'CPhlNPh are in intimate steric 
association is confirmed by the difficulty with which the substance 
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. ves in dilute aqueous sodium hydroxide, and at first it was 
J Id that the ring formula (XIV) must be adopted for the 
S "w nee This view, however, is inconsistent with the bright 
P,. „ ( ,.- onr 0 f the substance, for whilst phenylbenzometoxazone and 
r el r„ vl 1 . 3 benzoxazine-4-one are colourless, the alkali and^ammoma 
■ 'natives of JV-acylsalicylamides are bright yellow, and the phenolic 
of the anilino-derivative is confirmed by the strong feme 

'^th^synthesi! of 2 -phenyl-l : 3 -benzoxazine- 4 -one by heating 
Uanvl salicylate with phenylbenzamidine, this anilino-compound is 

Lt product of the reacti0n ' and tt “ 0wi " g t0 ,tS reV wm 
i malposition, as above, that the unsaturated ring compound (II) 
['obtained, and for the same reason the yield of the latter is 
comparatively small, thue : 

COOPh NH, 

C f H»< — + 


'■OH 


XJO-NH 

PhOH + CcH 4 < oii ^ pli:NPll -e- 


CPblNPh 

' CO-NH 
c e H 4 <o— CPh-NHPh 

If 

in.) 

A considerable quantity of diphenylbenzamidine (XVII) is also 
■oduced as a result of a secondary reaction, which also apP ear = 0 
versible, between the aniline and salicylphenylbenzamidine, thus : 

1 . -VTT>U 

£ 0 -NH 
C fi H 4 < - 1 


■OH CPhlKPh 


punh 2 ' .CO*NH 2 nt)1 

C 6 H 4 < on 2 +CPh< KHPh . 


(XVII.) 


Experimental. 

2-Phenyl-l : %~benzoxazine-i-one. 

(a) Preparation from Phenyl Salicylate (a) 21*4 Grams of 
alicylate and 19 6 grams of phenylbenzamidine were heated at 110 tor 
and a-half hours, during which aniline and phenol were produced 
n quantity. On cooling, the resulting viscid, yellow syrup was stnred 
with 150 o e. of water and 100 c.c. of 10 per c 4 nt. sodium hydi oxide 
to remove phenol and salicylphenylbenzamidine, and the yellow 
alkaline solution was decanted off. The remaining syrup was washed 
with water, dissolved in 200 c.c. of pure benzene, and the benzene 
solution washed with alkali and water. In order to remove amhne 
and diphenylbenzamidine, the benzene solution was s a ’en oi a 
minutes with about 300 e.c. of 5 per cent, sulphuric acid, the upp 
benzene solution washed with water, and thon as rapi y as posa 
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shaken with dilute alkali, to remove the W-benzoylsalicylamide formed 
during washing with acid and to neutralise the remaining traces of 
acid. (During the former operation some loss was entailed, because of 
the great instability of the ring compound* in presence of dilute 
acid.) 

The alkali extract was found to contain besides phenol, a 
considerable quantity of salicylphenylbenzamidine, which was p re . 
cipitated on adding acid and then decomposed, giving AT-benzoylsalicyl. 
amide. The acid extract contained aniline and diphenylbenzamidine. 
The latter was isolated (4 grams), and found to be identical with 
Wallach’s compound [Annalen, 1877, 184, 83). 

The clear benzene solution was washed twice with water, dried, and 
evaporated at about 40°. Massive crystals remained, together with a 
syrupy portion, which crystallised after several hours. After washing 
with a little ether and draining on porous porcelain, the crude product 
(12*5 grams) was crystallised from 700 c.c. of light petroleum, the 
solution being allowed to cool very slowly to avoid depositiou of syrup. 
White or transparent, colourless leaflets or plates (m. p. 104°; 
10*5 grams) separated, which on recrystallisation from light petroleum 
were obtained in the pure state and then melted sharply at 
106—107°: 

0*2193 gave 0*6024 C0 2 and 0*0759 II 2 0. C = 74*92 ; H = 3*85. 
0*1688 „ 9*3 c.c. N 2 (moist) at 20° and 757 mm. N = 6*28. 
0*3480, by Kjeldahl's method, required 16*0 c.c. Nj 10-HC1. 17= 6*119, 
C 14 H 9 0. 2 N requires 0 = 75*34; H = 4*03 ; N = 6*27 per cent. 

2 -Phenyl-l : 3-benzoxazineA-one is very soluble in chloroform or 
acetone, readily so in benzene, methyl alcohol, or ethyl acetate, and 
rather less so in ethyl alcohol, ether, or pyridine. It dissolves in about 
70 parts of light petroleum (b. p. 90 — 120°). It may be recovered 
unchanged after solution in these solvents, even pyridine. Its 
solutions give no coloration with alcoholic ferric chloride. In glacial 
acetic acid it readily dissolves, but owing to the presence of moisture 
the solution soon deposits W-benzoylsalicylamide. 

Behaviour with Water . — The compound is insoluble in water, but on 
boiling an oil is produced which dissolves appreciably. The clear hot 
aqueous solution if rapidly cooled becomes turbid, and after a short 
time fine needles of the unaltered compound separate, but not without 
production of some W-benzoylsalicylamide. Its behaviour with water 
was studied by diluting an alcoholic solution largely, but insufficiently, 
to induce separation. The clear solution remained clear for about 
three hours, after which it became faintly turbid, owing to separation 

* If ether is used instead of benzene as a solvent, the whole of the ring-compound 
is decomposed during the washing with acid. 
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0 { the highly insoluble A r -benzoylsalicyl amide, which, however, was 
not completely precipitated in twenty-four hours. Whether pure 
water free from carbonic acid would behave like ordinary distilled 
water has not been tried. Traces of acids (inorganic and organic) 
enormously accelerate the action of the water, and it was shown 
roughly that the velocity depends on the concentration of the acid 
added. If 20 c.c. of a 0*05 per cent, solution are treated with 0’05 c.c. 
of 10 per cent, hydrochloric acid, the decomposition is complete in 
about seventy seconds. Accurate velocity measurements have not 
been made, but the quantitative nature of the conversion was easily 
shown by decomposing a known weight in dilute alcohol. On 
acidifying the clear solution with a few drops of hydrochloric acid, 
afte* a few seconds a voluminous, microcry stalline precipitate * 
separated, which was collected and dried at 100°: 

O' 2230 gave 0*2398 W-benzoylsalicylamide. 

O^HgOgN requires 0*2410 W-benzoylsalicylamide. 

The purity of the Wbenzoylsalicylamide was shown by tho sharp 
melting point (206°) before recrystallising. 

Behaviour with Acids , — The cyclic compound has only a weakly 
basic character, and with aqueous acids is decomposed without 
previously dissolving. It does not yield a picrate in benzene or 
alcoholic solution. Dry hydrogen chloride in benzene solution 
precipitates its hydrochloride, which, however, could not be isolated in 
a pure condition for analysis, owing to the great ease with which it 
is decomposed by atmospheric moisture. 

Behaviour with Alkalis , — With cold aqueous sodium hydroxide and 
ammonia, the compound is comparatively stable and only very slowly 
changed to the salt of W-henzoylsalicylamide, but sodium hydroxide 
immediately decomposes it in alcoholic solution, Dry ammonia 
produces a yellow colour with an alcoholic solution of the compound, 
and probably an additive compound like that obtained with aniline is 
formed ; this is under investigation. 

Behaviour with Phosphorus Pentachbridc — The compound, on treat- 
ment with phosphorus pontachloride in presence of chloroform, 
.nstantly gives a bright lemon-yellow, crystalline solid, 
C u H 9 ONC1 2 ,POC1 8 , 

identical with that obtained by Titheriey and Hicks (foe, cit.) by the 
action of phosphorus pentachloride on phenylbenzometoxazone at 
Uglier temperatures. * 

deduction , — The reduction of 2-phenyl-l : 3-ben zoxazine-4*onc 

fbc reaction affords a very delicate test for 2-phenyl-l : 3-benzoxazine-4-one. 
3a dissolving a minute amount in a drop of alcohol and treating with about 1 c.c. of 
Mter and a trace of any dilute acid, a precipitate apjwars suddenly after a few 

seconds. 
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cannot be effected by sodium amalgam, in alkaline solution, or by 
acid reducing agents, owing to ring rupture. With aluminium 
amalgam, however, the reduction proceeds rapidly. 

A dilute alcoholic solution of the substance was treated with 
an excess of aluminium amalgam, and water added gradually. ' When 
tbe reduction was complete, the alcoholic solution was filtered and 
allowed to evaporate. The resulting solid was washed with dilute 
alkali, dried, and extracted with boiling alcohol. A white, sparingly 
soluble solid remained behind, which has not yet been identified, and the 
alcoholic solution deposited needles consisting of impure phenylbenzo- 
metoxazone. By carefully recrystallising from alcohol, the latter was 
obtained pure in fine needles melting at 169°, and was easily 
identified. The melting point after mixing with a specimen of 
phenylbenzometoxazone synthesised from salicylainide and benz- 
aldehyde was 168 — 169°. . The yield was about 30 per cent., and a 
similar reduction performed in an ethereal solution containing 
5 per cent, of alcohol gave a yield of 40 per cent. 

(b) Preparation from 0- Bemoylsalic ylamide.—A. mixture of 3 
of O-benzoylsalicylamide and 30 c.c. of xylene contained in a diatjjjhg 
flask was heated in a bath to 145°, and when the solution h al U 
clear a stream of dry hydrogen chloride was passed in for affew 
minutes. By gradually raising the temperature of the bath to 155°, 
the xylene was allowed to distil over drop by drop, carrying with it 
the water formed in the reaction. The hydrogen chloride acted 
catalytically, and only a relatively small quantity was necessary, but 
in order to make good that lost by distillation, a few bubbles of the 
gas were passed into the liquid at intervals of three minutes. The 
rate of distillation was regulated so that the majority of the xylene 
had passed over in an hour. About 0*2 gram of water passed over 
with it, aud an oil remained in the flask which partly crystallised on 
cooling and consisted of a mixture of 2-phenyU : 3-benzoxazine4-onB 
and its hydrochloride and unchanged O-benzoylsalicylamide, together 
with a little xylene. When cold it was treated with 20 c.c. of benzene 
and well shaken with an excess of 3 per cent, sodium hydroxide. 
A considerable quantity of lemon-yellow solid (the sodium derivative 
of A-benzoylsalicylamide produced by rearrangement of 0-benzoyl- 
salicylamide) separated, which was mostly removed by repeatedly 
washing the benzene extract with water. The benzene extract was 
then dried, filtered, and evaporated at 50°, when large, colourless 
plates were left, together with an oil which crystallised- on cooling. 
The solid we 9 practically pure 2-phenyl- 1 : 3 -benzoxaziue-4-one, and 
weighed 1*8 grams, or 65 per cent, of the theoretical yield. On 
recrystallising from about 100 c.c. of light petroleum and cooling slowly, 
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It separated in: small, colourless, glistening plates, whicli melted 
sharply at 106^, and a mixture , with a specimen obtained by the 
^idine methqjpf 

0-212$:^p) : 6003 COo and 00^55 H 2 0. 

0181^^ ^-5070 C0 2 „ 0*0635 HjO. 0 = 76*32 
0*2362 13*7 c.c. N 2 (moist) at 23° and 755 mm. N=»6*4&* 

C l4 Hj)0 2 N requires 0=75*34 ; H=403 ; N = 6*27 per cent, v ft 

The properties of the substance agreed in every particular with 
[those of the compound obtained by the amidine method. 

In a similar preparation to the above, using toluene instead of 
[xylene as solvent, the compound was also obtained, but the yield was 
dower (36 per cent, of the theoretical). 

(c) Preparation from N-BenzoylscUicylamide. — A. similar method to 
the above was employed, using anisole as a solvent at 130°. About 
two and a-half hours were required for the completion of the change, 
and a yield of 60 per cent, of 2-pheDyl-l : 3-benzoxazine-4-one (m. p- 
106 — 107°) was obtained. Ethylene dibromide was also used with 
success as a solvent, but xylene was unsatisfactory, owing to the small 
.solubility of A-benzoylsalicylaraide. During the action of the hydrogen 
chloride, some of the A-beozoylsalicylamide is rearranged to 0-benzoyl- 
salicylamide, and this was isolated in small ’quantity in one experiment 
when xylene was used as solvent, as needles melting with rearrange- 
ment at 144°. 

Salicylpkenylbenzamidine, 

OE-OfiH^CO-NXrh-NH P— OH*C 6 H 4 *C(PNH>CPh:NPh, 
was obtained by the action of aniline on 2-phenyl-l : 3-benzoxazine- 
4-o ue or its hydrochloride by the following methods. 

One gram of 2-phenyl-l : 3-benzoxazine-4-one and 0‘5 gram of 
aniline were warmed to 50°, and the resulting yellow oil, which did 
not crystallise on cooling, was dissolved in 50 c.c. of boiling light 
petijpleum and the clear yellow solution allowed to cool slowly. A 
yellow syrup was deposited, which, after being kept for twelve host’s 
in contact with the mother liquor, changed to a mass of beautiful 
transparent, yellow needles (1*3 grams), and the mother liquor yielded 
a further quantity (04 gram), the total yield being 93 per cent, of 
the theoretical. * 

When instead of light petroleum as a solvent, ether (15 c.c.) was 
used, the pure compound separated after several hours in clusters of 
needles (0*9 gram) without any syrup being first deposited, and a, 
further quantity (0*2 gram) was obtained from the mother liquor. 
[The substance was also prepared in the pure state by treating a 
benzene suspension* of 2-phenyl-l :‘3-benzoxazine-4-one hydrochloride 
ludth aniline: The identity of the yellow needles obtained by the 
VOL. XCV1I. * 
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different methods was shown by a comparison of' melting po illt 

(105— 107°) and other properties : 

0-2750 gave 19-8 c.c. N a (moist) at 17° and 772 mm. sl®8'50. 

C. ;{i H 1# 0 2 1n 2 requires N = 8'86 per cent. 
Salicylphenylbenzamidine is somewhat sparingly soluble m ether, 
moderately so in alcohol, and readily soluble in chloroform or borne. 
Its solutions give a reddish colour with alcoholic or ethereal ferric 
chloride. Its solutions on evaporation at the laboratory temperature 
yield syrups which crystallise completely only after several days, and 
it is probable that two or more iBomeric forms in equilibrium a,, 
produced by labile change when the yellow needles are dissolved in 
any solvent. If heated in a light petroleum solution for any length ol 
time as in crystallising large quantities, the substance more or less 
dissociates into aniline and 2-phenyl-l : 3-benzoxazine-4-one, which 
separates to some extent on cooling in colourless needles or tofts 
alongside the yellow needles of the unchanged substance. Prolonged 
boiling leads to decomposition of a portion, owing to the action of the 
aniline (see below) forming diphenylbenzamidine. 

Salicylphenylbenzamidine possesses weakly basic and weakly 
phenolic characters; it is soluble in, but at once decomposed by, 
hydrochloric acid, yiolding A T -beuzoylsalicylainido. In a condition of 
fine powder it is only very slowly soluble in dilute sodium hydroxide; 
a yellow solution of the sodium salt results, from which, however, it 
is apparently impossible to recover the original substance ; on acidifica- 
tion with hydrochloric acid, a yellow precipitate is formed, soluble 
in excess of acid to a nearly clear solution, from which jf-benzoyl- 
salicylamide is almost instantly precipitated. When salicylphenjl 
benzamidine is heated at 95°, it dissociates, and eventually melts to a 
clear yellow liquid with an odour of aniline ; if the latter is allowed 
to evaporate slowly in an open shallow vessel, the yellow colour 
becomes less conspicuous, and at the ond of some hours a colour)® 
liquid results, which finally sets to a mass of colourless plates, con- 
sisting of 2-phenyl-l : 3-benzoxazine-4-one, the yield of which was 
almost theoretical. When heated with aniline at 100° for several 
hours, salicylphenylbenzamidine is partly decomposed into sahcyl- 
amide and diphenylbenzamidine, the latter obtained in a yie o 
35 per cent. 


Organic Laboratory, 

University ok Liverpool. 
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iJlll.^loaobe/nzenemonosuiphomc Acids . Fart II. 

Esters and Salts of Di- and Tri-iodobenzeiiesul'phonic 
Acids. 

By Mary Boyle. 

Ijj the first communication on this subject (Trans., 1909, 95, 1683) 
a brief account was given of the preparation of 2:5- and 3 : 4-di- 
iodo-benzenesulphonic ethyl esters. It was stated that they were 
obtained when the sulphonyl chloride was treated either with 
alcohol in the presence of sodium hydroxide or, when dissolved in 
ether, with a solution of sodium ethoxide in alcohol, but beyond 
the further statement that they melted at 113° and 81° respectively, 
qo account of their properties was submitted, and no analytical 
results were given. Further experiments on ester formation have 
made clear that neither of the above methods is satisfactory as 
regards yield and purity of the product unless careful attention is 
oaid to the proportions of interacting substances and to. the 
luratiou of the action, and the ester melting at 113°, prepared 
without such attention to detail, proved, on analysis, to be slightly 
contaminated with the sulphonyl chloride from which it was formed, 
he pure ester melting about 6° higher. Under the right con- 
litions, however, it has been found possible to esterify all the iodo- 
jenzenesulphonic acids discussed in Part I., and to obtain very 
r cll-characterised methyl and ethyl derivatives. 

| Methyl and ethyl benzenesulphonates were prepared by Hubner 
fbinahn, 1884 , 223 , 237) by the action of sodium alkyloxides 
i free from alcohol on solutions of the sulphonyl chlorides in absolute 
j ether, and by Krafit and Roos (Ber. y 1892, 25, 2257) by allowing 
[th» 4 chloride to remain for many clays at low temperatures in 
contact with pure methyl and ethyl alcohols respectively; p-chloro- 
aud p-bromo-henzenesulphouic and certain naphthalenesulphonic 
methyl and ethyl esters were described by the same experimenters, 
and the corresponding p-iodo~derivative was prepared in 1895 by 
Kastle and Murrill by the use of sodium ethoxide ( Amer . Chem. J 
17, 290). 

In Krafft's experiment with chloride and alcohol alone, the 
employment of low temperatures seemed imperative, since, as was 
stated in a later communication (Ber., 1893, 26, 2823), complete 
hydrolysis occurred when the two were heated together in sealed 
tubes, or, in a few cases, when heated for a short time on the 
;Kater-bath. On the other hand, there is the statement by 
■ h. Armstrong (Proc,, 1891, 7, 184) that many dibromo- 

p 2 
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n ap hthalene sulph onyl chlorides Are readily converted into esters by ' 
boiling with excess ^eiug 

small^^p^pc^bibn only undergoing ffiydrofepsis; sonl^^^ic sul-j 
phonyl. chlorides, however, are, according to him, hydrolysed almost: 
conimS^ty under exactly the same conditions. . 

I^preparing di- and tri-iodo-benzenesulphonic esters;" bothl 
methods have been made use of, and it is interesting to note fhtfi 
isomeric acids often behave very differently under similar expend 
mental conditions, the orientation of the molecule appearing to 
influence to some extent the stability both of the sulphonyl chloride 
and of the alkylated aulphonic group. The insolubility of most 
of the sulphonyl chlorides in cold alcohol rendered the euccess oh 
Krafft's method improbable, and the one experiment which was 
made proved quite unsuccessful; all of them, however, dissolved in 
hot alcohol with more or less ease, with gradual esterification. 

The tri-iodo- dissolved with much more difficulty than the di-iodo 
compouhcls, and the crystals which separated from the cooled cleat 
solution were much less contaminated with unchanged chloride than 
was the case when di-iodo-compounds were under investigation. Of 
the three tri-iodobenzenesulphonyl chlorides investigated, the 
v3 : 5-derivative dissolved in boiling absolute alcohol with- most 
difficulty and yielded the purest product, the 2:3: 5-derivative 
dissolved with least difficulty, but yielded a product which only 
became homogeneous after repeated re-solution; the 2:a^5- 
derivative seemed to lie intermediate between these two. W 
It seems probable, then, that it is the contiguity of the wine 
atom to the sulphonyl chloride group that renders the latter difficult 
of attack by the alcohol; in every case, however, a hydrolysing 
action accompanies esterification, the yield of ester under the most 
favourable conditions never realising more than 60 to 70 per cent. 

In the case of the di-iodosulphonyl chlorides, no quantitative 
experiments have been carried out, but none seem necessary ii 
view of their very decided differences in behaviour towards alcohol. 

There is no doubt that the symmetrical 3 : 5-derivative yield: 
an ester which is practically pure after one recrystallisation, tha 
the 2 : 5- and 3 : 4-derivatives are attacked with ’about equa 
difficulty, and that the 2 : 4-derivative cannot be made to yield ai 
ester at all by this method, so that here again, with the doubtfn 
exception of the 2: 5-derivative, inhibition seems to be a questioi 
of f the contiguity of the iodine atom and sulphonic group. 

^The exceptional behaviour of 2: 5-di-iodobenzenesulpbon3 
- chloride towards alcohol is in accord with Armstrongs statemeu 
with respect to the behaviour of 1 : 4-dibromonaphthalenesulpiion} 
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chloride in. the. same circumstances (foe. cit.), and is also at one with 
the peculiar b^avioursi ^ ^fe y cgi^pj^ m g 2: 5-ester towards 

hot alcohol than 

3 ny of^e f : other -ethyifdi'derivatives; hydrolysis occurring Jo the 
extent ol about 39 to 40 per cent, when the two substances are 
boiled together for five minutes. 'Y/L '’^T' 

The extent to which hydrolysis occurs when io^ob en zen esulpnbn 1 c 
esters are treated with hot alcohol was investigated in the first 
instance in order to ascertain the effect of the introduction, of a 
second iodine atom on the stability of the ester. Kastle^abd 
Murrill have investigated the behaviour of benzenesulphonic ester 
and its p-chloro-, p-bromo-, and p-iodo-derivatives towards alcohol 
both at the ordinary temperature and at 100° (Amer. Chemt 
1895, 17, 292), and their results show clearly (1) that hydrolysis 
occurs very slowly at the ordinary temperature, not more than 
19 per cent, being attacked in thirty days under the most favour- 
able conditions (one part of ester to 50—100 parts of alcohol), ^(2) • 
that hydrolysis takes place much more rapidly at 100°, about 9 per 
cent, undergoing change in five minutes, other conditions being 
the same, and (3) that the introduction of a halogen atom into 
the nucleus considerably weakens the stability of the ester, 2Q$to 
21 per cent, now being changed in the same time as before; the 
three halogens seem to exert practically the same influence. 

The introduction of a second and of a third iodine atom into 
the nucleus would be expected, therefore, still further to diminish 
the stability erf the ester towards alcohol, and experimental results 
entirely confirm such a view, the average hydrolysis for di-iodo- 
and tri-iodo-benzenesulphonic esters being, after five minutes at 
100°, about 30 to 33 per cent. The experiments, unlike KastI.e’s, 
were conducted under atmospheric pressure, equivalent weights of 
the different esters mixed with the same volume (about fifty times 
the theoretical amount) of absolute alcohol being heated under 
reflux in boiling water for five minutes; the cooled mixture was 
then either diluted with alcohol and titrated with Nj 10-sodium 
hydroxide, or the unchanged ester was precipitated with water, 
collected, and the filtrate and washings titrated as before. The 
latter method is perhaps the better, since the unchanged ester 
present during titration is slowly hydrolysed by the added sodium 
hydroxide; on the other hand, this hydrolysing action takes place 
so slowly that it is comparatively easy to detect the end-point of the 
acid-neutralisation. 

In these experiments it is difficult to compare the tri-iodo- with 
the di-iodo-esters, and also the tri-iodo-esters among themselves, 
smee two of these, namely, 3:4: 5-tri-iodo- and 2: 4: 5-tri-iodo- 
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benzenesulphonyl ethyl esters, are so sparingly soluble in alcohol, 
even after careful powdering*' that atyjhe; end of the five minutes’ 
heating only a small proportion baa passed into solttoon to he 
subjected to the hydrolysing action of the alcohol; the 2 : T: 5-ester, 1 
however, Is as soluble as the di-iodo-compounds, so that results in the 
latter cases are strictly comparable. Such results show clearly that 
the greater the number of iodine atoms in the nucleus, the less the 
stability of the ethylated sulphonic group, ethyl monoiodobenz&ne- 
sulphonate, according to Kastle, being hydrolysed to the extent of 
about 20 per cent, when heated to 100° with alcohol for five minutes 
ethyl di-iodobenzenesulphonates, according to the author, under- 
going from 25 to 35 per cent, hydrolysis, and ethyl 2:3: 5-tri- 
iodobenzenesulphonate from 45 to 55 per cent. 

The results obtained on directly titrating the hydrolysed solution 
of the ester are always slightly lower than the corresponding ones 
obtained after precipitation of the unchanged ester, a fact no douht 
due to the hydrolysing action of water, which, although very alight 
and practically negligible at the ordinary temperature for a short 
period of time, may become of some account after the twelve hours 
necessary for complete precipitation. 

From the experiments on the relative ease of hydrolysis of the 
four ethyl di-iodobenzenesulphonates, no absolutely definite con- 
clusions can be drawn. All experiments seem to show that the 
2 : 5-ester is the most easily hydrolysed by boiling absolute [alcohol, 
and that the 3: 5-ester comes next in order; most experiments 
place the 2 : 4-ester next in order of stability, and the 3 : 4-ester as 
the most stable of all and least easily affected ; some experiments, 
however, interchange the order of the two latter substances. The 
following table shows the percentage hydrolysis which occurred in 
sij£ different experiments : 

Percentage hydrolysis. 


Ester. 

(1). 

(2). 

(3). 

(4)- 

(5)- 

(6). 

2:5- 

39 

39 


27 

32 


3:5- 

35 

36 

— 

26 

— 



3:4- 

24 

24 

24 

24 

22 

27 

2:4- 

22 

29 

29 

15 

29 

30 

2:3:5- 

57 

— 

54 

50 

— 

- 


The tri-iodo-cster is added for purposes of comparison. 

In order to confirm K as tie’s statement that the methyl esters are 
more easily attacked than are the ethyl derivatives by the 
corresponding alcohols, the action of methyl alcohol on methyl 
2 : 5-di~iodobenzenesulphonate was investigated. Equivalent weights 
of the ethyl and methyl esters were boiled for five minutes with 
10 c.c. of ethyl and methyl alcohol respectively, the unchanged 
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esters precipitated, and the filtrates titrated with if /10-sodium 



Ester. 

2 : 5-ethyl ester ... 
2,: 5- methyl ester 


Percentage hydrolysis# 

39*5 fr.. 


io complete accordance with Kastle's statement. 

Since Krafit’s method of preparing sulphonic esters had proved 
unsuccessful, and the method of boiling the sulphonyl chloride with 
alcohol unsatisfactory, since, also, the method consisting in treating 
the chloride with warm alcohol in presence of excess of podium 
hydroxide resulted, in some cases, in almost complete hydrolysis, 
and, in all others, in very small yields of ester, the use of sodium 
alkyloxides was adopted. 

In this case, again, poor yields were obtained, until it was 
recognised that a slight excess of the sodium alkyloxides was 
sufficient to cause precipitation of sodium iodobenzenesulphonates. 
By using a standard solution of sodium alkyloxide in absolute 
alcohol (about 2'5-iY), by adding the slightest excess over the 
amount necessary to precipitate the chlorine from the sulphonyl 
chloride, and by keeping the mixture for about half a minute 
only before addition of water and separation of the ethereal layer, 
an almost quantitative yield of the ester was obtained. Under 
these conditions it was found unnecessary to use absolute ether as 
solvent; methylated ether (dehydrated) dried for some weeks with 
calcium chloride, and finally with sodium, was found pure enough 
for practical purposes. 

The methyl esters were prepared in exactly the same way, and 
afforded no difficulty in purification. * 

Both ethyl and methyl esters crystallise extremely well from 
alcohol, from ether, and from a mixture of alcohol and ether. In 
the case of ethyl 2:3: 5-tri-iodobenzenesulphonate, two very dis- 
tinct sets of crystals were obtained from a mixture of alcohol and 
ether; they melt at the same temperature, and give identical 
analyses; moreover, one form is transformed into the other on 
recrystallisation from alcohol; they are evidently the same sub- 
stance. 

Salts of 3:4:5-, 2:4:5-, 2:3: 5-tri-iodo-, and of 3:5- and 
2 : 4-di-iodobenzenesulpkonic acids, which were not described in 
hart I, have now been investigated; they are described in the 
experimental part of this paper. 

The following table shows the melting points of the chlorides 
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Experimental. 


2: i-Diriodobemenesulphonic Acid . 

The ethyl ester was prepared by dissolving the sulphonyl chloride 
in dry ether and adding the requisite amount of a solution o; 
sodium ethoxide in absolute alcohol; after half a minute, water wan 
added, and the ethereal layer separated and evaporated; the ester 
separated from alcohol in long needles, melting at 57°: 

0*1489 gave 0*1199 C0 2 and 0*0246 H 2 0. C=2T99 ; H = m 

C 8 H 8 0 3 I 2 S requires C = 21’92; H=1'82 per cent, iJf ; h 
•The methyl ester was prepared from the sulphonyl chloride ty" 
the use of sodium methoxide in pure methyl alcohol. It crystallises 
from alcohol in large, plate-like needles, melting at 98° 

0*1895 gave 0*1378 C0 2 and 0 0246 H 2 0. C = 19*84; H=1*44M 
^HjOjIgS requires 0=19*81; H = l*41 per cent, f 
The sodium salt separates from water in white, glistening scats, 
containing two molecules of water of crystallisation: 

0*2019 gave 0*1138 C0 2 and 0 0263 H 2 0. C = 15*37; H^l*44. 
0*9138 lost 0*0702 at 150°. H 2 0=7*68. 

C 6 H 3 0 3 I 2 SNa,2H 2 0 requires C = 15*38 ; H==l*49; 

H 2 0 = 7*68 per cent. 

Solubility. — One hundred grams of water dissolve 1*90 grams of 
anhydrous salt at 13°. . 

The potassium salt crystallises with one molecule of water in 
sparkling, plate-like needles : 

0*2033 gave 0*1151 C0 2 and 0*0199 H s O. C = 15*52; H = l*09. 

- 0*2059 „ 0*0383 K 2 S0 4 . K=8*35^ 

0*9375 lost 0*0407 at” 145°. E 2 0 = 4*34. 

C 8 H 3 0 s I 2 SK,H 2 0 requires C = 15*45 ; H = 1*07 ; K = 8 37,; 
r HoO = 3’86 per cent. 

Solubility. — One hundred grams of water dissolve 0*76 gram o 
the anhydrous salt at 11*5°. 

The ammonium salt crystallises in glistening, plate-like needles, 
which are anhydrous. ' 
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One hundred grams of water dissolve 2*23 grams 


Ire of 



lister crystallises from ether" or frolqM^^m^ 
i ether in small, white needles, melting/wlll 2° ^ 

0;0|91 gave 0 0406 C0 2 and 0’0103 H 2 0. C=21’96$H^92. 

C 8 H 8 0 3 I 2 S£requires C= 21*92; H=l*83 per cent. .^1% 

Th Q^mtthyl ester separates slowly from alcohol in intejrhfcinv. 
plate*l&£ Reedies, melting at 95°: , : V|1 

0*1159 gave 0*0840 C0 2 and 0*0155 H 2 0. C = 19*84 ; H =1 
C 7 H$0 # I 2 S requires C = 19*81 ; H = l*41 per centflfe^ 
The sodium salt crystallises in white needles, containing one 
molecule of water of crystallisation : *•£• =rf. 

0*1286 gave 0*0769 C0 2 and 0*0131 H s O. C=16*30; 

0*4892 lost 0*0195 at 140°. H 2 0=3*99. 

C 6 H 3 0 3 I 2 SNa,H 2 0 requires 0 = 16*00; 11=1*11; 

H 2 0 = 4*00 per cent. 


^v*.v 

Solubility . — One hundred grams of water dissolve 3*56 graafcs 6f 
anhydrous salt at 20°. ■..’* . 

c The potassium salt crystallises in large, white plates; the crystals 
are anhydrous: 

0*1710 gave 0*1014 C0 2 and.0*0112 H 2 0. C = 16‘16; H=0*66. 

O6H3O3I0SK requires C=16*07; H = 0‘67 per cent. M 

Solubility . — One hundred grams of water dissolve 0*75 gram of 
salt at 18*5°. 

The ammonium salt crystallises in fine, colourless, anhydrous 
needles. 

Solubility . — One hundred grams of water dissolve 1*62 grams of 
salt at 20°. 

The barium salt crystallises in colourless needles, containing i 
molecules of water: , 

0;6225 lost 0 0380 at 145°. H 2 O = 6*10. 

C 12 H 6 0 6 I 4 S 2 Ba,3|H 2 0 requires H 2 0 = 6*18 per cent. 


3:4: 5-Tri-iodobcnzcnesulphonic Acid. 

Ethyl 3:4: S-tridodobenzenesulphonatc is obtained in a 55 per 
cent, yield by boiling the sulphonyl chloride with alcohol, in 90 per 
cent, yield by the use of sodium ethoxide. It separator from 
alcohol in long, transparent needles, melting at 143°: ' 

0*1865 gave 0*1167 C0 3 and 0*0200 H 2 0. C=17*09; H = l*20. 

C 8 H 7 0 3 I 3 S requires C= 17*02; H = l*24 per cent. 
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Methyl 3:4: 5 -tridodobenzenesidphonate crystallises from alcohol 
in needles, melting at 15|®. : • .xsfci •• . fi&'-'&lk 

01461 gave 0*0811 dcL and 0*0130 H 2 Cv' C=15’iS; B^O‘98, 
C 7 H 5 0 3 I 3 S requires 0=15*27 ; H=0‘90 percent. 

The sodiunfr sa.lt crystallises in small, white, sparkling needles, 
containing one molecule of water : 

0*2642 gave 0*1213 C0 2 and 0*172 H 2 0. 0 = 12*52; H=0*71. 

r3331 lost 0*0421 at 150°. H 2 0 = 3‘15. 

C fi H 9 0J 2 SNa,H 2 0 requires C = 12*50; H=0‘69; 

I H 2 0 = 3*12 per cent. . 

Solubility. — One hundred grams of water dissolve 0*86 gram of 
the anhydrous salt at 15°. 

The 'potassium salt separates from water in white, anhydrous 
needles : 

0*2027 gave 0*0944 C0 2 and 0*0073 H 2 0. C = 12*69 ; H =0*39. 

0*2073 „ 0*0305 K 2 S0 4 . K=6*59.~ 

C 6 H 2 O s I 3 SK requires C = 12*54; 11 = 0*34; K = 6*79 per cent. 

Solubility. — One hundred grams of water dissolve 0;128 gram of 
salt at 16*5°. 

The ammonium salt crystallises in long, anhydrous needles. 

Solubility. — One hundred grams of water dissolve 0*25 gram of 
salt at 15°. 

2:4: 5-Tri'iodobenzenesulphonic Acid. 

Ethyl 2: 4: S-tri-iodobenzenesulphonate separates from alcohol 
in glistening crystals, which redissolve with difficulty in alcohol and 
ether. They melt at 155 — 156° : 

0*1197 gave 0*1117 C0 2 and 0*0188 H 2 0. C= 16*99; H=1‘17. 
C 3 H 7 O s IjS requires C = 17*02; H = l*24 per cent. 

Methyl 2: 4: b-tri-iodobenzenesulphonate separates in small, 
glistening crystals from a mixture of alcohol and ether. It melts 
at 166°: 

0*1176 gave 0 0656 C0 2 and 0*0089 H 2 0. 0 = 15*22; H=0*84. 
C 7 H 5 0 3 I 3 S requires C~ 15*27; H = 0*90 per cent. 

The sodium salt crystallises in long, fine needles, slightly cream- 
coloured ; they contain 1£ molecules of water : 

0*1532 gave 0*0699 C0 2 and 0*0114 H 2 0. 0 = 12*44; H=0*82. 

0*4245 lost 0*0200 at 135°. H 2 0=4*71. 

C c H. 2 0 s I 3 SNa,HH 2 0 requires 0 = 12*31; H=0*85; 

H 2 0=4'61 per cent. 

Solubility. — One hundred grams of water dissolve 0*64 gram of 
the anhydrous salt at 16*5°. 
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The 'potassium salt, crystallising in fine, white “needles, contains 

0 1458 g*?e 0:0660 CO^and 0 0088 H 2 Of C = 12:34; H=0-66. 

0 487T l(^gO;0163 atrUO 0 . Hj$fe3*34. 

0-2111 gave 0-0309 K 2 S0 4 . K=6*55. 

C e H 2 0 s I 3 SK,H 2 O requires C = 12*16; H=0*67; H 2 0 = 3‘04 ; 

K = 6*58 per cent. ^ 

Solubility. — One hundred grams of water dissolve 0*31 grail of 
the anhydrous salt at 14°. A 

The ammonium salt crystallises in small, yellow, anhydjiwtia 
nodules. 

Solubility. — One hundred grams of water dissolve 0*82 gram 
at 11°. 

2:3: b-Tri-iodobenzenesulphonic Acid. 

Ethyl 2:3: 5 -triAodobenzenesulpho-mte separates from a mixture 
of alcohol and ether in crystals of definite form, somewhat resem- 
bling those of copper sulphate ; under certain conditions, which have 
not been definitely fixed, long needles are sometimes obtained; 
the needles on re-solution in alcohol are changed into crystals of 
the other form. Both forms melt at 110°, and give identical 
analytical numbers : 

First set (needles): 0*1370 gave 0-0849 C0 2 and 0’0167 H 2 0. 

0=16*91; H = l*35. 

Second set: 0*1867 gave 0*1168 C0 2 and 0*0211 H 2 0. C = 17*06; 

H = l*25. 

C g II 7 O g I 3 S requires 0=17*02; H=1’24 per cent. 

Methyl 2:3: 5-tririodobenzenesulphonate crystallises from a mix- 
ture of methyl alcohol and ether in long, transparent needles, 
melting at 137°: 

0*1650 gave 0*0930 C0 2 and 0*0150 H 2 0. 0 = 15*33; H=l*0(h 
C 7 H 5 0 3 I 3 S requires 0 = 15*27; H=0*91 per cent. 

The sodium salt probably crystallises with one molecule of water: 

0*1531 gave 0*0697 C0 2 and 0*0100 H 2 0. 0 = 12*41; H=0*71. 

C 6 H 2 0 3 I 3 SNa,H 2 0 requires 0=12*50; H=0*69 per cent. 

Solubility. — One hundred grams of water dissolve 0*65 gram of 
salt at 18°. 

The potassium salt separates from water in small, glistening 
crystals containing one molecule of water: 

0*2234 gave 0*1021 C0 2 and 0*0155 H 2 0. C=12*46; H = 0*76. 

0*4643 lost 0*0144 at 150°. H 2 0 = 3 10. 

C 5 H 2 0 3 I 3 SK,H , 2 0 requires C = 12*16; H = 0*67; 

H 2 O = 3*04 per cent. 
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Solubility .— (&e hundred grams of water dissolve 0*139 gram 
of the anhydrous salt 

The salt% water 

^^^^^^i^dobensene^phonate crpiailisel^ frofe^inixture 
of ether ‘and alcohol in long, stout needles, melting at 120;5°: 
q^ 7 4Q gave 0T411 C0 2 and 0*0298 H 2 0, 0=22*11 j H=l*89. 

C 8 H 8 0 3 I 2 S requires 0 = 21*92; H = l*83 per cent. 

Methyl 2 : 5-di-iodo b enzenesul'phonate crystallises from alcohol in 
p, woolly needles, melting at 106° : 

d‘0958 gave 0*0693 C0 2 and 0*0112 H 2 0. C = 19*72 ; H=l*29. 

CyHgOg^S requires C=19*81; H=l*41 per cent. 

"Ethyl 3: i-di-iodobenzenesulfhonate separates from alcohol in : 
needles, melting at 82*5° : * . vi^r 

®851 gave 0*1483 C0 2 and 0*03 E 2 0. 0=21*85; H=1’79. 

C 8 H 8 0 3 I 2 S requires 0=21*92; H = l*83 per cent. 

Methyl 3 : i'di-iodobemenesul/photiate crystallises from methyl 
alcohol in glistening cubes (?), melting at 93°: ' * 

0*1937 gave 0*1414 C0 2 and 0*0262 H 2 0. 0=19*90; H = l*49. 

. C 7 H 0 O 3 I 2 S requires 0=19*81; H = l*41 per cent. 

...ijj'nB Royal Holloway College, 

Englifield Green. 


XXIV . — A Natural Substantive Dyestuff. 

By Arthur George Perkin. 

Some time ago a small sample of an Egyptian natural ^dyestuff 
was received from the authorities of the Imperial Institute, under 
the name of the “red dura” of the Soudan, the dyeing properties 
of which proved to he specially interesting in that good shades 
upon wool could he obtained from it without the aid of a mordant 
The material consisted of the leaf sheaths of a grass, smooth 
externally, possessing a deep reddish-brown tint, and approximately 
nine inches in length, together with cylindrical fragments of the 
stem (or pith) of a brighter, although feebler, colour. The follow* 
ing^account of this plant was furnished by Mr. C. P. Browne, 
Inspector of the Blue Nile Province : “ I attach a specimen of 
* Sikhytan/ the species of durra used for producing a red dye, 
practically utilised for staining a grass called ( lanzura/ used in the 
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jaanutacture of coined ' bursh 5 (mats), but occasionally for the 
leather ^oes) & Thi 3 durra is specially 

grown fo*J|! 0 .^^pos^^cKolloFCati^j 2 ^occurs^in this district, 
but com^lfefliy froiii^ Rahad/ "and[ Jthe .south.” The 
results of ^^examination of this product atjtheftoyal'' Botanic 
Gardens, Kew, indicated that it was apparently part of the stem, 
including the leaf sheaths, of the Androyogon sorghum, var. vulgaris, 
a nd this was interesting because thi9 plant, also known asfjbhe 
Sorghum vulgare, constitutes the " Great Millet,” the grain ; of 
which is so important a foodstuff. An elaborate account of ' jie 
Sorghum vulgare is given by Watt (“Dictionary of the Economic 
products of India,” Vol, 6 , Part m, p. 289), and it is wgiihy 
of note that in certain cases the grain is described as possessing a 
brick-red colour, and that at Harihar this is used for preparing a 
red morocco from goat skin. Again, it is stated in connexion with 
the Sorghum saccharatum that when the pressed canes are allowed 
to ferment, their colour changes to a red or reddish-brown, and 
that the dye thus produced can be extracted by means of I 
dilute alkali, and is precipitated from this solution by means of 
acid in the form of red flakes. The Indian, Persian, Abyssinian, 
and Egyptian forms would seem to he derived from the Androgogon 
sorghum , var. “ durrha ” (ibid., p. 278), but the fact thafc^ this 
plant is so extensively cultivated in Egypt as a foodstuff, whelr&s, 
according to Browne (loc. cit .), the “ Sikhytan ” is grown entirely 
on account of its dyeing properties, leaves one to infer that this 
latter is again a special variety. Unfortunately, but a few ounces 
of .this material were available for examination, and this did not 
permit of any extended investigation of the colouring matter which 
is present, but should it be possible to obtain a large quantity of 
this dyestuff, a more exhaustive study of the subject will then be 
carried out. 

Experimental. 

The leaf sheaths and stems (pith) were examined separately, 
hut as experiment showed that the same products were present 
in both cases, this was evidently not necessary. The material was 
extracted in a Soxblet apparatus with boiling acetone until nothing 
further dissolved, and by evaporating the deep brownish-coloured 
extract there was obtained from the sheaths 16' 27 per cent., and 
from the pith 14' 7 per cent., of a dark brittle resin. On agitating 
this residue with cold acetone, a small quantity of substance did 
not pass into solution, and the operation was repeated until the 
final product was entirely soluble under this treatment. The 
amorphous substance thus removed, and which, when dry, possessed 
a slight beetle-green lustre, on incineration yielded some quantity 
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of ash, and appeared to consist of a 
matter. The partly evaporated acet< 
a little boiling £enzene,‘ ; deposited a 

almost devoid of tinctorial property, .. , 

filtrate fractionally evaporated. By this means a gradual separa- 
tion of the colouring matter was effected, the earlier fractions 
possessing a deep maroon colour, and those obtained later having a 
beautiful scarlet tint. The final mother liquid contained, together 
with some quantity of plant wax, a trace of a yellow, resinous 

compound. , , . . , , 

The crude colouring matter redissolved in a mixture of acetone 
and benzene was again fractionally crystallised as before, the first 
and final deposits being rejected, and this appeared to he the only 
method available in dealing with so small a quantity of the sub- 
stance. The product consisted of a bright red, almost scarlet, 
powder, which under the microscope appeared as nodules possessing 
fine, saw-like edges, and thus possessed an ill- defined crystalline 
structure. The quantity of colouring matter thus isolated was 
approximately 3 grams, and of this four distinct preparations, dried 
at 160°, were analysed: 

Found, C = 67*27 ; 67’53; 67'66; 67'40; H=4‘40; 4*61; 4*73; 4*33. 

| C 1c H 12 0 5 requires C=67'60; H=4‘23 per cent. 

It is very readily soluble in alcohol, very sparingly so in boiling 
water, and dissolves in alkaline solutions with a violet-red colour, 
which rapidly becomes brown owing to oxidation. It is only partly 
precipitated by excess of alcoholic lead acetate, forming a dull 
reddish-violet lake soluble in water, but is completely deposited by 
means of the basic acetate with formation of an insoluble lead salt.. 
With alcoholic ferric chloride it gives a brown coloration, and its 
solution in both sulphuric and nitric acid is yellow, the letter acid 
reacting to form a nitro-compound precipitated by water.' It does 
not contain methoxy-groups. 

The colouring matter was fused with potassium hydroxide and a 
little water to 200—220° for twenty minutes, the brownish-coloured 
mass dissolved in water, and the solution acidified and extracted 
with ether. The crystalline residue obtained by evaporating the 
ether, when examined in the usual way, gave phloroglucinol (m. p. 
210°) and an acid, melting at 210°, which had all the properties 
of p-hydroxybenzoic acid, and could be admixed with it without 
alteration of melting point. A second experiment gave also a trace 
of a compound of lower melting point resembling ^hydroxy- 
acetophenone, but this point requires further corroboration. 

Merely a trace of the substance was available for dyeing experi- 
ments, but this was sufficient to indicate that the tinctorial 


calcium "salt of the colouring 
me extuK&, on treatment with 
dull 1 ochre-colouredmfecipitate 
, which was removed and the 
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properties of the plant were entirely due to this colouring matter. 
As was to be expect^^rom its behaviopE^itli lead acetate solution, 
it does not^dye mordanted calico, altlidup^.as previously indicated, 
it is a substantive dyestuff towards wool. By the" use of a boiling 
aqueous extract of the plant itself, a dull red shade was obtained 
ffith woollen cloth, and this became Tather weaker when it was 
treated with warm dilute soap solution. A very permanent and 
slightly fuller colour was produced by previously mordanting the 
wool with chromium or copper, and a similar result could be 
obtained by an application of the mordant after the dyeing 
operation. In comparison with the bettenknown substantive 
natural dyestuffs, the “ red dura ” very closely resembles in this 
behaviour the “insoluble red woods,” which contain as the chief 
colouring matter santalin, and of which sanderswood ( Pterocarpus 
santalinus) is a typical example. The shades given by the latter, 
although of a faintly yellower character, closely resemble those 
produced by the “ red dura,” and although the sanderswood 
possessed somewhat the stronger dyeing power, there was but a 
trifling distinction to be observed in this respect. Again, it was 
ascertained that by submitting sanderswood to a similar process to 
that described above, the colouring matter thus isolated wak^ery 
similar in appearance and general properties t-o that obtained from 
the “red dura.” It therefore seems appropriate to term this 
latter dura-santalin. 

The formula of santalin, C u H n 0 4 (0*CH 3 ) (Cain and May, 
J. Soc. Glitm, Ind. } 1909, 28, 697), does not suggest the existence 
of a simple chemical relationship between these colouring matters, 
but it seems likely that they may possess in common a special 
grouping which will account for their close resemblance. 

CliOTHWOKKEKs’ RESEARCH LABORATORY, 

Tiie University, 

Leeds. 


XXV . — The Effect of Contiguous Unsaturated Groups 
on Optical Activity . Fart IV. Conjugated 

Systems containing more than Two Unsaturated 
Groups. 

By Sydney Robert Edminsqn and Thomas Percy Hilditch. 

In the course of work on the effect of two adjacent unsaturated radicles 
on molecular rotatory power, some of which has already been published 
m earlier parts of this series, it has been established that a pronounced 
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increase of optical activity invariably accompanies the conjunction of 
two such groups. At the same time, it has &ej|fl^ently bepn noticed 
that when a third groupf^^^^ s ltkg’’^nS8i , k^^^^^^al happens 

to occur in clos/ proximity to thA studied systems, the in 
rotatory power is npt always maintained, and, indeed, is Bbinetiifleg 
markedly lessened. 

This may he instanced from the menthyl esters of piperic and sorbic 
acids, recently studied by one of us (Trans., 1909, 95, 15 <0), of which 
we "reproduce here the molecular rotatory powers and corresponding 
differences from the u normal value of a menthyl ester (a quantity 
the approximate estimation of which has already been explained, be, eft., 
p. 1571): 

Difference, 

OjHs'CHiCH'CHiCH'COj'ChoH^ -188*8 +28-3 

0H 3 *CH:CH-CH:CH*C0 2 *C ]0 H 19 -221*3 +567 


The brucine salts of these acids, on the other hand, show a 
<f difference ” of + 218 , 8° for the piperate, and + 119*5° for the sorbate, 


under identical polarimetric conditions. 

Again, to© brucine salts of anthranilic and salicylic acids and their 
acylated derivatives give evidence of similar irregularities (Trans, , 


W ’ 

[Mb. 

Difference. 

Brucine benzoate 

-1311 

+ 118-4 

,, anthranilato 

-47*8 

+ 2017 

„ acetylanthranilate 

+29*8 

+ 279*3 

,, benzoylantlnanilate 

+ 156'2 

+ 405*7 

„ benzoate 

-1311 

+ 118*4 

,, salicylate 

+ 75*5 

+ 325*0 ' 

,, acetyls alicy late 

+867 

+ 336*2 

, , benzoyl Salicylate 

+0*0 

+ 249*5 


* Since mono-aryl esters of camphoric acid and camphor-/3-sulphqnic 
acid can be readily prepared and obtained pure, and since phenwic 
substances containing as many as five adjacent unsaturated groups 
are also easily obtainable, we thought it might prove interesting to 
examine as extended a series as possible of these derivatives. Diffi- 
culties appeared, however, in the case of the more complicated phenols 
used, chiefly owing to the decreasing facility of reaction shown on 
ascending the series, and to the anticipated fact that the higher esters, 
although not so strongly coloured as their parent phenols, began to be 
sufficiently dark yellow to interfere with polarimetric accuracy. 

We have endeavoured to arrive at a “normal value” for the 
molecular rotatory power, of acid esters of camphoric acid and of 
camphor- j3-sulphonic esters, in accordance with the usual rule 
(Tschugaeff, Ber., 1898, 31 , 360; Walden, Ber., 1905, 38 , 355), by 
examining the methyl, ethyl, n-propyl, and w-butyl esters of the two 
acids. In thfe case of camphor /3-sulphomc acid, we did not succeed 
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in obtaining tfie propyl and butyl compounds in the pure state, and 
W e have .ttorlfor edited the molecular rafctory power of the ethyl 
ester as- ! i.^i^of'ctnQ^^sonfsfrice' it 1 iswftl kno^n that the first 
member. Ot the series is almost always irregular. 

Wo will return to a discussion of the polarimetric results after 
giving some account of the compounds studied. 

Experimental. 

The \ alkyl hydrogen camphorates were prepared according to 
J. Walker’s directions (Trans., 1892, 61, 1088) ; a quantity of sodium 
being dissolved in excess of the respective alcohol, the equivalent 
amount of camphoric anhydride was added, and the mixture boiled 
for half an hour. The ester was then readily isolated from the soditim 
salt formed. 

Bnihl (Her., 1891, 24, 3409) ha* observed that ethyl hydrogen 
camphorate tends to decompose, on being distilled in a vacuum, into 
the diethyl ester* and camphoric anhydride. We invariably found- 
traces of anhydride in the distillate (under a pressure of 20 mm.) 
from either the ethyl, 'w-propyl, or n-butyl hydrogen esters, and 
ultimately we purified them by extracting the ethereal solution of tke 
crude product with aqueous sodium hydrogen, camphorate. Jfhia 
extract was cooled to 0°, acidified with a slight excess of mineral acid, 
and extracted again with ether. The dried ethereal extract was 
filtered, the ether removed by distillation, and the residue heated on 
the water-bath in a vacuum for two hours. No appreciable decom- 
position thus took place, and the ethyl hydrogen ester so obtained 
showed a slightly higher rotation than that hitherto observed. 

We should mention that Walker (loc. c it.) has proved that in the, 
action of sodium alkyl oxides on camphoric anhydride no aitfo-esters* 
are formed. 

Methyl hydrogen camphorate , C0 2 H*C g Ii 34 *C0 2 Me. — Colourless 
needles, m. p. 77°: 

0*1046 gave 0*2373 C0 2 and 0*0813 H,0. C«6l*S7 ; H=-8*€4. 

CjjHjgO* requires C = 61 *69 j II = 8*41 per cent. 

Ethyl hydrogen camphorate, C0 2 H*C 8 H 14 , C0 2 Eb. — A colourless, 
viscous oil : 

0*1004 gave 0*2344 C0 2 and 0*0788 H 2 0. C - 63*66 j II = 8*72. 

C 12 H 20 O 4 requires 0 = 63*17 ; H = 8*77 percent 

n-Propyl hydrogen camphorate, C0 2 H , C s H u *C0 2 *C 3 H 7 . — A colour- 
less, viscous oil : 

0*1040 gave 0*2456 CO, and 0*0846 H,0. C = 64*40 ; H-9 04. 

CjgH^O* requires C = 64*46 ; H = 9*09 per cent. 

VOL. XCVII. * Q 
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n -Butyl hydroyen camphorate , C0 2 H , C 8 K l4 , C0 2 *C 4 H a . A colourless 
oil, much more limpid' than the two preceding : 

0*1866 gave 0 4525 CO., and 01516 H 2 0. C = 6618; H=9 03. 

• C m H 24 0 4 requires 0 = 65*63 ; H = 9*38 per cent. 

The alkylcamphor-j3-sulphonatea were obtained by heating oqui. 
valent amounts of sodium alkyloxide and camphor-sulphonyl chloride 
in the respective alcohols for ft short time. The product was mixed 
with ice-water, and, when it had completely solidified, it was collected 
and recrystallised from aqueous methyl alcohol. 

Methyl campkor-fi-sulphonate, C 10 H 15 O-SO 3 Mc.— Soft, white needles, 
melting at 61 ° : 

0-1041 gave 0-2046 CO s and 0-0664 H 2 0. C = 53’60 ; H = 7'09. 
0-1630 „ 0-1524 BaS0 4 . 8=12-83. 
c ii h 18 °* S squires 0 = 53-67 ; H = 732; 8 = 13-01 per cent. 

Ethyl cm nphor-p-sulplumate, C 10 H 15 O-SO s Et. -Wax-like plates, 
melting at 47°: 

0*1064 gave 0 2156 C0 2 and 0 0750 H 2 0. .0 = 55*25; H = 7*83. 
C 12 H 2fl 0 4 S requires 0 = 55*39 ; H = 7’69 per cent. 

The n -propyl and ii-butyl esters were not obtained solid, either by 
crystallisation from a number of solvents or on standing in a 
vacuum desiccator for several weeks, and they were therefore not 
examined. 

The unsaturated compounds studied may be divided into thoEe 
derived from phenol (o-hydroxybenzylidene-acetone and -acetophenone) 
and from the naphthola (2-aceto- and 2-benzo-a-naphthol) respectively. 
The latter substances were prepared by heating 10 grams of 
V-naphthol with 15 grams of zinc chloride and 20 grams of acetic 
or benzoic acid at 150° for half an hour (Friedlander, Ber ., 1895, 28, 
1946). Friedlander has characterised 2-aceto-a-naphthol, and shown 
it to possess the assigned structure, but the similarly formed 2 -ben*o-a- 
-naphthol does not seem to have been described. 

It is obtained in the form of a yellow, amorphous, partly hydrolysed 
sodium salt on pouring the cold reaction product (see above) into 
dilute aqueous sodium carbonate ; from this salt the phenol itself can 
be isolated as a yellow, crystalline solid, melting, after recrystal- 
lisation from dilute alcohol, at 77° : 

01039 gave 0*3123 C0 2 and 0 0486 H 2 0. C = 82*00 ; H = 5*20. 

C 1? II 12 0 2 requires 0 = 82*24; 11 = 4*84 per cent. 

The benzoyl derivative, prepared by the Schotten- Baumann method, 
crystallises from light petroleum in pale yellow leaflets, melting at 
154° to a dark red liquid : 
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0*1326 gave 0*3969 C0 2 and 0*0528 H 2 0. . 0=81*68 ; -H = 4*43. 

C 24 Hi fl 0 3 requires 0 = 81*83 ; H=4*55 per cont. 

■2-BtnzO'a-naphthol displays a great tendency to form insoluble salts 
ff ith bases ; the pale yellow, amorphous sodium and ammonium salts, 
a nd the yellow, crystalline piperidine salt, melting at 138°, are all 
partly hydrolysed by cold water, but the still less soluble, brownish- 
yellow barium salt is much more stable : 

• 0*2571 gave 0*0957 BaS0 4 . Ba = 21*91. 

C S4 H 23 0 4 Ba requires Ba = 21*71 per cent. 

The phenolic hydrogen camphorates were obtained according to 
Schryver’s method (Trans., 1899, 75, 661); since, however, it 
appeared that his directions for preparing the phenolic sodium salts 
might in some of the present cases give rise to secondary reactions, 
owing to the presenco of metallic sodium, these were prepared by 
adding the equivalent amount of sodium ethoxide to the phenol in 
alcohol. After evaporating the alcohol and drying the sodium salt in 
a vacuum on the “ water-bath, xylene and the requisite amount of 
camphoric aubydrido were addod. With some of the more complex 
phenols, too prolonged heating appeared to give rise to by-products, 
a maximum, although frequently not very satisfactory, yield beiDg 
obtained after heating at 100° for about half-an-hour. 

Phenyl hydroyen camphorate, C0 2 H*C 8 H 14 *C0 2 Ph, — Slender needles 
from methyl alcohol, melting at 98° (100° : Schryver) : 

0*1217 gave 0*3096 C0 2 and 0*0815 H 2 0. C = 69*38 ; H = 7*49. 

C l(} H 20 O 4 requires 0 = 69*56 ; H = 7*25 per cent. 

Q-fi-Acetylvinylphenyl hydroyen camphorate, 

co 2 h-c 8 h u -co 2 -c u h 4 -ch:chac. 

—Soft, yellow plates from alcohol, decomposing at 111 0 : 

0*1948 gave 0*5006 C0 2 and 0*1237 H 2 0, 0 = 70*08; H = 7*05. 
requires C = 69*76; H = 6*98 per cent. 

o-fi'Bmzoylvinylphenyl hydrogen camphorate , 

co 2 h-c 8 h u *co 2 -c 6 h 4 -ch:chbz, 

was not obtained in very good yield ; it forms yellow crystals 
from benzene by precipitation with light petroleum. The compound, 
which was rather easily hydrolysed, melted at 145' J : 

0*1104 gave 0*2961 C0 2 and 0-0606 H 2 0. 0 = 73*38; H = 6*10. 

C 25 H 2 A requires 0 = 73*89 ; H = 6*40 per cent. 

Naphthyl hydrogen • camphorate , C0 2 II * C 8 H i4 * C0 2 * C 10 H r .— Pure 
white crystals from aqueous alcohol, melting at 125° (121 — 122°: 
Schryver) : 

0*1128 gave 0 3073 00 2 and 0*0740 H 2 0. 0 = 74*10 ; H = 7*29. 

C 20 H 22 O 4 requires 0 = 73*62 ; H = 6*75 per cent. 

Q 2 
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a.- Naphthyl hydrogen camphorate, CO^H * C B H U * C 0,* — White 
prisms, which melted somewhat indefinitely at about 1 70° 

0-1172 gave 0*3163 C0 2 and 0*0734 H 2 0. 0 = 73-68 ; 

requires 0 = 73*62 ; H = 6*75 per cent. 

2 -Aceto-a-naphthyl hydrogen camphorated CC^H-CgH^-COg* 

—White needles, meltiDg at 102°; 

0*H44 gave 0*3815 C0 2 and 0*0858 H 2 0. C = 72*05 ; H = 6*60. 

C 22 H 24 0 5 requires 0 = 71*74 ; H = 6*52 per cent. 

%Benzo-o.-naph.thyl hydrogen camphorate, C0 2 H*C 8 H 14 *C0 2 ? O 1(J H 0 Bz. 
— A yellow, crystalline powder from benzene, melting and decomposing 
at 172°: 

0*1059 gave 0*2924 C0 2 and 0*0572 H 2 0. 0 = 75*30 ; H = 6*05. 

C 27 H 26 0 5 requires C = 75*34 j H = 6*05 per cent. 

The corresponding camphor-^-sulphonates were all prepared by the 
8chotten-Baumann method, using very dilute aqueous sodium hydro- 
oxide and maintaining the reaction solution at such a temperature that 
the camphor-/3-sulphonyl chloride always remained a little above its 
point of fusion. 

Phenyl camphor- (3-sidpkonate, C 10 H 15 O*SO 8 Ph, only solidified after 
standing some time in a vacuum, but thereafter crystallised from light 
petroleum in long, radiating, colourless needles, melting at 48° : 

0*1055 gave 0*2414 C0 2 and 0*0610 H 2 Q. 0 = 62*38 ; H = 6*4*2. 

C 16 H 2C 0 4 S requires C = 62*32 ; H = 6 49 per cent, 

ofi-Acetylvinylphenyl camphor- fi-aulphonate, 

C 10 H 15 O-SO 8 *C 6 H 4 -CH:caAc, 

was found to be a yellow oil, which would not crystallise, and, as 
no other means of purification besides crystallisation existed, it could 
not be utilised. 

Q-fi-Befizoylvinylphenyl camphor -fi-sulplumate, 

C^O-SOg-C^-CHlCHBz, 

crystallising in yellow needles from benzene, melted at 102° : 

,0*1000 gave 0*2497 C0 2 and 0*0548 H s O. 0 = 68*10 ; H = 6*09. 

C 25 H g6 0 5 S requires 0 = 68*48 ; H = 5*94 per cent. 

fi-Naphthyl camphor- fi-mlphonate, C i0 H 15 O*SO 3 ’C 10 H 7j crystallised in 
faintly pink prisms from aqueous alcohol, and melted at 100° : 

0*0978 gave 0*2396 CO a and 0*0549 H 2 0. C = 66*82 ; H = 6*24. 

C 20 H 22 O 4 S requires C = 67*04 ; II = 6*15 per cent. 

a - Naphthyl camphor - /i - sulphonale, C 10 K 15 O’SQ 3 -C 10 H 7 . — W bite 
needles from dilute alcohol, melting at 109°: 

0*1097 gave 0*2697 C0 2 and 0*0624 H 2 0. 0 = 67*04; II = 6*32. 

C 20 K a2 O 4 S requires 0 = 67*04; H = 6*15 per cent. 

2-Acato-iL-(uiphthyl ca mphor-fi-auiphovate , C 1Q H ls O*S0 3 *C 1 ()H< i A.c,— 
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Small, hard, cr^am-colopred needles from alcohol, which melted at 

•102°: ,,^,,^7 7l*^--7 ’X« .. : . 

0-1059 gave 0-2510 G0 2 and 0-0546 H 2 0. 0 = 65*90 ; H = 5-84. 

C w H 24 0gS requires C = 66*00 ; H = 6*00 per cent. 

2 - 'Benzo-a-naphthyl camphor- ft-sulphonate was not obtained in the 
solid state, and therefore had to bo omitted from the series. 

The polarimetric observations were carried out exactly as in previous 
investigations of this series, the temperature being maintained at 25°. 
For the alkyl esters, the following values were obtained : * '%£ 

: ^n 


Chloroform solutions 

: 5 per cent. 

2J per cent. 




w*. 

[ML, 7 

Methyl hydrogen camphorate ... 

+ 57*71 

+ 123-5 

+ 58*50 

+ 125-2 

Ethyl „ „ 

38-72 

88-3 

39-80 

90-7 

a-Propyl „ ,, 

3876 

93-8 

38*56 

93-3 

Butyl „ „ 

35-60 

91-1 

36-24 

92-8 

Mean [M] 2 * 1 (ethyl n-hutyl) 

.... 91-1 


92-3 h 

Mcthvl camphor-B-sulphonatc ... 

+ 43-61 

+ 107*8 

+ 43*40 

+ 106-8 

Ethyl „ 

43-91 

114*2 

43-28 

112-6 

In certain instances it was found im 

possible 

to obtain an accurate 

reading with the 5 per cent. 

solutions 

of the phenolic 

esters, and 


therefore, especially as in none of tho other cases was there any marked 
change of rotatory power on dilution, we give only the values 
measured in 2*5 per cent, chloroform solution ; the numbers obtained 
by ono of us (ioc. cit.) for the o-tolyl and o-aldehydophonyl esters 
are incorporated in the table. 

Hydrogen camphorate, Camphor- (3 sulph.on.ite. 


la],, [M]„. DifT. («] 0 . [M]7 BiS 

f Phenyl +45*38 +125-2 +32*9 +40*56 +124-9 + 12-3 

o-Tolyl 45*0 130'5 38*2 46-0 148’! 35*5 

\ o-Aldehydophenyl 48*1 . 146-2 53 9 39-6 133-1 20*5 

o- Acetyl vinylphenyl... 80*04 103-3 12*2 - — — 

^o-j8-Be»zoylvniylphenyl 49 ’44 200*7 108*4 27*2 119 1 6*5 

3-Naphthyl 53*28 173*7 81*4 30*16 108*0 -4-6 

| «-Naphthyl 34*24 111-6 19-3 38-24 137*0 +24 -4 

2- A ceto-auiaphtliy 1 ... 38 00 139-8 47 5 50-02 200-1 87*5 

( 2-Bcnzo-a-naphthyl ... 52‘82 227’2 134-9 — — — 


There are thus included in the above summary four groups of sub- 
stances, namely, hydrogen cam phorabes of the phenyl and of the naphthyl 
series, and camphor-/J-sulphonates of the same. Of these, the two 
first-mentioned show a steady increase of rotatory power with the 
increasing number of conjugated groups, but the camphor-/?-sulphonic 
Series is, to all appearances, perfectly irregular. These results are 
further confused by the isomeric a- and ^-naphthyl compounds, where 
there is a very notable difference of rotation in both the camphoric 
fcnd the camphor-jS-sulphonic series, but in conflicting directions. 
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We will refer, in conclusion, to three other series of this type of 
compounds, which would seem to exhaust all' the available data ; the 
first comprises the camphorates of certain aromatic amines, compared 
with di-n-butylamine camphorate ([M]^ 38*6 in 2 ’5 per cent, chloro- 
form solution) : 

[M] a . Difference. 

Di-jo-toluidine campliorntc +99*4 +60*8 

Di-js-aminoacetophunone camphorate. 91*2 52*6 

^ Di-p-aromobcnzophenone camphorate 73*6 35*0 

Next, there are certain condensation products of camphor with 
aromatic aldehydes : 

m. 

Benzylidenecamphor * +1020 Benzylcamphor * +348 

Oinnamylidenccamphor + ... 788 7-Phenylpropylcamphort 178 

* Haller, Compt. rend., 1899, 128, 1370. 
t Rupo and Frisell, tier., 1905, 38, 104. 


And, finally, certain esters recently examined by Rupo ( Annalen , 


1909, 369, 311) : 

Menthyl diphenylacctate .. 
,, a-phenylciimamata 
,, /3-phenylcinnamate 


Difference. 

-233*4 ' +75*6 

193*5 +35*7 

137*3 -21*5 


Paipe draws the empirical conclusion that a phenyl group in the 
nearest possible position to the asymmetric system enhances rotatory- 
power, but in others, further removed, depresses it ; it appears not a 
little remarkable that one and the same group should exert a strong 
influence in two opposing directions, according as it is united with the 
a- or y-carbon atoms. 

We may summarise these data by pointing out that of the eleven 
series to which we have referred, four show a steady increase, four 
show a decrease, and the remaining three manifest indefinite changes 
in optical activity on increasing beyond two the number of contiguous 
unsaturated systems. Sufficient facts for a profitable discussion as to 
whether the indefinite numbers result from conflicting influences other 
than that due to conjugation, or whether the regular series are simply 
coincidences, appears still to be lacking. 

It will be observed that the difference between the esters of even 
such nearly related bodies as phenol and o-cresol are considerable, and 
one cause of irregularity may lie in the fact that most of the esters 
studied above are the earlier members of homologous series, and may 
thus be abnormal, as has so frequently been noticed in the first 
^members of other series. There is, indeed, little doubt that interesting 
and more comparable results would follow from a study of active 
esters of, for example, one of the higher normal aliphatic alcohols, 
replacing successive methylene groups by a system of multiple, 
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identical unsaturated groups, but such a series would be very difficult 
to prepare. 

We desire to offer our hearty thanks to Professor Knorr, in whose 
laboratory this work has been carried out. 

IThivexsity or Jena. 


XXVI . — The Constituents of Red Clover Flowers, 

By Frederick Belding Power and Arthur Henry Sal way. 

The flowers of the common red clover ( Trifolium pratense, Linne) 
have been used to some extent medicinally in recent years on 
account of their assumed alterative properties, and have even been 
recommended in the treatment of cancer ( Amer . J. Pharm., 1881, 
53, 85). So far as known to us, these flowers have never been 
subjected to a chemical examination, and the only knowledge of 
their constituents appears to be embodied in a statement that they 
contain tannin, two resins, fat, and chlorophyll. In this connexion 
it may incidentally be noted that Perkin and Phipps, in a paper 
entitled “Notes on some Natural Colouring Matters” (Trans., 
1904, 85 , 58), have recorded that a cursory examination of the 
flowers of the white clover (Trifolium reopens) indicated the presence 
of quercetin in the form of a glucoside. The same authors further- 
more remark that “ this colouring matter was recognised by the 
melting point of its acetyl derivative, and its decomposition products 
with caustic alkali, and in consequence of these observations a 
fuller investigation appeared unnecessary." 

In view of the above considerations, and the fact that red clover 
flowers are available in practically unlimited quantities, it appeared 
desirable that a complete study of their constituents should be 
undertaken. The present investigation has disclosed the presence 
of a considerable number of new and interesting substances, and 
a summary of the results obtained is given at the end of this 
paper. 

Experimental. 

The material employed in this investigation was carefully 
collected for us under the superintendence of Mr. P. E. F. Per redes, 
B-Sc., F.L.S., during the month of June, from a field of cultivated 
red clover ( Trifolmm pratense, Linne) in Kent. The flowers or 
blossoms were separately gathered, and were therefore, so far as 
possible, free from the green, herbaceous parts of the plant. 
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A portion (10 grama) of tbo dried flowers wasted _ for 
alkaloid, but the reactions 

the presence of not more than traces of such a suhsbancer 
A further portion (25 grams) of the dried flowers was successively 
extracted in a Soxhlet apparatus with various .solvents, when the 
following amounts of extract, dried in a water-oven, were obtained: 

'Petroleum (b. ]>. 85—50*) extracted 0*50 gram = per cent. 

Jt 0*50 „ = it 

„ 0-35 „ = 1‘4 „ 

„ 1*50 „ = 6‘0 „ 

tt 4-50 „ = 18*0 „ 

Total 7*35 grains = 29 ‘4 percent 

For the purpose of a complete examination, 264 kilograms of the 
flowers were collected. This material, after careful drying, 
amounted to 58' 5 kilograms, or 22*16 per cent, of the original 
weight. The entire amount of this material was coarsely powdered, 
and° then extracted by continuous percolation with hot alcohol 
After the removal of the greater portion of the alcohol, which was 
conducted at a temperature not exceeding 85°, a dark green, viscid 
extract was obtained, which amounted to 15*78 kilograms. 

Distillation of the Erfrart with Steam. Separation of an Essential 
Oil. 

A quantity (1*5 kilograms) of the above-mentioned extract was 
brought into a suitable apparatus witli a little water, and steam 
passed through the mixture for several hours. The distillate, which 
contained some oily drops, was extracted with ether, the etherea 
liquid being washed, dried, and the solvent removed. A small 
amount (1*5 grams) of an essential oil was thus obtained, which 
possessed a rather unpleasant odour. On subsequently treating 
10 kilograms of the alcoholic extract in the manner above described, 
a further quantity (10*5 grams) of essential oil was obtained. The 
yield of oil* was thus equivalent to 0*028 per cent, of the dried, or 
0*006 per cent, of the fresh clover flowers. This essential oil, when 
distilled under diminished pressure, passed over between 90° and 
160°/ 20 mm. as a light yellow liquid, which, however, on keeping, 
ultimately became reddish-brown, and was found to contain furfur- 
aldehyde, It possessed the following constants : d 20° / 20° = 0*94 ; 
a D +4°0 / in a 1-dcni. tube. 

Eon-volatile Constituents of the Extract. 

After the removal of the volatile constituents of the extract by 
distillation with steam, as above described, there remained in t m 


Ether 

^Chloroform 
’Ethyl Acetate 
Alcohol 
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distillation flask a reddish-brown, aqueous liquid (/l ) and a quantity 
0 f a viscid resiij (B), which became" solid on cooling. The resin was 
collected, ’and thoroughly washed with water, the washings being 
added to the main portion of the aqueous liquid. 


Examination of the Aqueous Liquid (A), 

The aqueous liquid was concentrated under diminished pressure, 
and then repeatedly extracted with large volumes of ether. The 
ethereal extracts, which were of a light green colour, were united, 
washed with a little water, dried, and the ether removed, when 
ID grams of a dark-coloured, soft solid were obtained. This was: 
found by a preliminary examination to consist of a complex mixture* 
of crystalline compounds, and, in order to obtain a quantity! 
sufficient for their separation and characterisation, 10 kilograms of ; 
clover extract were treated as above described, the resulting aqueous 
liquid being extracted with ether. The yield of ethereal extract 
from this quantity of material was 64 grams. 

Isolation of a New Phenolic Substance, Pratal, 

C 15 H 8 0 2 (OH)‘O-CH 8 . 

The above-mentioned ethereal extract was digested with « 
quantity of ether insufficient to dissolve the whole, and the sparingly'^ 
soluble portion, which amounted to 3 grams, separated by filtration. 
This product was repeatedly crystallised from alcohol, when a 
substance was obtained which separated in colourless needles 
melting at 253° : 

0-1265 gave 0-3307 C0 2 and 0 0513 H 2 0. C=71*3; H=4 5. 

0-1213 „ 0*3161 C0 2 „ 0 0500 H 2 0. C=71'l ; H=4*6. 

Ci 6 H 12 0 4 requires 0=71*6; 11=4*5 per cent. 

The above compound, when heated with acetic anhydride, yielded 
an acetyl derivative, which separated from alcohol in feathery 
needles, melting at 166°. This was analysed, and its molecular 
weight determined, with the following results: 

0-1039 gave 0*2646 C0 2 and 0*0420 H 2 0. C = 69*5 ; H = 4*5. 

0*1069 „ 0*2715 002 „ 0*0436 H 2 0. C = 69 3; H=4‘5. 

O' 1485, in 33*26 of acetic acid, gave if-0 057°. M.W. = 305, 
^oHjxO^CO'CHg) requires C=69*7; H = 4*5 per cent. M.W. =310. 

The substance C 16 H 12 0 4 was found to contain one methoxyl 
group, as determined by Perkin's modification of the Zeisel method : 

0*0995 gave 0*0785 Agl. MeO = 10'4. 

CisHgO^OMe) requires MeO = ll‘6 per cent, 
compound of the formula C 3fl H 12 0 4 , possessing the same 
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properties as that above described, appears to have hitherto been 
recorded. It is therefore proposed to designate the substance from 
red clover flowers as yratol , with reference to its phenolic character 
and the specific botanical name of the plant. 

Pratol, C 15 Hg0 2 (0H)‘0*CH 3 , crystallises in a very characteristic 
form, since it separates from alcohol in needles, which, under the 
microscope, are seen to have a talon-like shape with curved edges. 
It is moderately soluble in hot alcohol, but only sparingly soluble 
in water, ether, chloroform, or benzene. It dissolves readily in 
hot aqueous sodium carbonate and sodium hydroxide, yielding pale 
yellow solutions. When dissolved in acetic anhydride, and a drop 
of sulphuric acid added, a yellow coloration is produced. With 
ferric chloride no appreciable change of colour was observed. 

Pratol is isomeric with several flavone derivatives, 9uch as the 
2‘inethoxy- and 3-methoxy-flavonol, 


_ ^0— OC! r H, 
CH,-(>aH,<". U • *, 


CO-OOH 


prepared by Kostanecki and his co-workers 1904, 37 , 775; 

1905, 38 , 993). The general behaviour of pratol is also very similar 
to that of the above-mentioned substances, and it therefore seems 
probable that it represents one of the many hydroxymethoxy- 
flavones which are theoretically possible. 

Acetylyratol, Ci C H u 0 4 (C0*CH s ), prepared, as above noted, by 
heating pratol with acetic anhydride, is very soluble in hot alcohol, 
but only moderately so in chloroform or benzene. 


The ethereal liquid from which the sparingly soluble pratol had 
been separated by filtration, as above described, was subsequently 
shaken with an aqueous solution of ammonium carbonate (a) until 
nothing further was removed by this reagent, then with successive 
small portions of aqueous sodium carbonate (6), and finally with 
aqueous sodium hydroxide (e). These extracts were then separately 
examined. 

Isolation of Salicylic Acid . 

The liquids obtained by extraction with ammonium carbonate («) 
were united, acidified with sulphuric acid, and extracted with 
ether. This ethereal liquid, on the removal of the solvent, yielded 
a quantity (20 grams) of a dark green oil. The latter was digested 
with considerable quantities of hot light petroleum, these liquids 
being decanted, and the solvent evaporated. In this manner 
2 grams of colourless needles were obtained, which, after a few 
crystallisations from water, melted at 154° and gave an intense 
violet coloration with ferric chloride : 
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0123a gave 0*2765 C0 2 and* 0*0507 H 2 0. 0=61*3; H = 4*6. 

C 7 H ft 0 3 requires C=60*9; H=4*3 per cent, 

,Tbis substance was thus identified as salicylic acid. 

The portion of the ammonium carbonate extract which was 
insoluble in light petroleum was heated for some time with methyl 
alcohol in the presence of concentrated sulphuric acid. A product 
thus obtained which could be further separated into phenolic ' 
and non-phenolic methyl esters by shaking its ethereal solution 
with dilute aqueous sodium hydroxide. The portion insoluble in 
the alkaline liquid, consisting of the non-phenolic esters, amounted 
to 10 grams, and was a dark-coloured oil. It was hydrolysed with; 
alcoholic potassium hydroxide* and the regenerated acids distilled 
under diminished pressure, when fractions were collected at 
100—130° and 130— 230°/ 20 mm., whilst a quantity of undistillable 
resin remained in the flask. These fractions were further examined 
by neutralising them with aqueous sodium carbonate, and frac- 
tionally precipitating the solutions with silver nitrate. A series 
of silver salts was thus obtained, which, with the exception of the 
last fraction (III), were more or less brown in colour. After drying 
in a vacuum over sulphuric acid, they were analysed : 

' Fraction 100 — !30°/20 mm. 

0*1760 of salt gave 0*0852 Ag. Ag=48*4. 

Fraction 130 — 230°/ 20 mm. 

(I) 0 4969 of salt gave 0*1904 Ag. Ag = 38*4. 

(II) 0*1531 „ „ 0*0700 Ag. Ag~45*7. 

(Ill) 0*7246 „ „ 0*4444 Ag. Ag=61*3. 

It was evident from these results that the non-phenolic acids 
consisted of a complex mixture. 


Identification of ip-Coumaric Acid . 

The portion of the above-mentioned methylated product which 
was soluble in aqueous sodium hydroxide was benzoylated by the 
Schotten-Baumann method, and then subjected to fractional 
crystallisation from alcohol. After a quantity of gummy, amor- 
phous matter had been separated, a crystalline substance was 
deposited, which was ultimately obtained in slender needles, melting 
at 129°: 


0-0783 gave 0-2079 C0 2 and 0*0390 H 2 0. C=72*4; H=5*5. 
Bz0*C 6 H 4 *CH:CH*C0 3 He requires C=72’3; H=50 per cent. 


This compound is thus seen to agree in composition with the 
hmzoyl derivative of methyl p -coumarate, which hitherto appears 
not to have been described. A little of it was therefore prepared 
for the purpose of comparison, when it was found to crystallise in 
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slender needles, melting at 129°, and tobe identical in alb respects 
with the compound obtained from the v acid present inured clover 
flowers. The identity of the latter acid was further confirmed by 
the hydrolysis of the benzoyl derivative of its methyl ester, when 
ja substance was obtained which crystallised from water in colourless 
kfeedles, melting at 215° with evolution of carbon dioxide, and 
Otherwise exhibited all the characters of p-coumaric acid. 


Isolation of a New Yellow Compound, C lc H ]0 O 7 . 

The sodium carbonate extracts (h), obtained as above described, 
% eTe separately acidified, and the ^suiting precipitates collected 
find examined. The product obtained from the first, sodium 
^carbonate extract consisted chiefly of chlorophyll, and nothing 
Crystalline could be isolated from it. The second sodium carbonate 
extract yielded a yellow powder, which was dissolved in hot 
alcohol, in which it was freely soluble. This solution, after being 
kept for some time, deposited a small amount of a colourless, 
crystalline substance, which, after purification, melted at 253°, and 
yielded an acetyl derivative melting at 166°. It was found to he 
identical with the substance C 16 H 12 0 4 , designated as pratol, which 
has already been described. As the mother liquors, which still 
contained all of the yellow compound, deposited nothing further 
on standing, the alcohol was completely removed, and the residue 
acetylated by means of acetic anhydride. On distilling off the 
greater part of the latter liquid, a crystalline product separated, 
which proved to be a mixture of substances. It was fractionally 
crystallised from alcohol, when a small quantity (1*0 gram) of an 
acetyl derivative was obtained, which appeared to be homogeneous, 
and separated in colourless, glistening, prismatic needles, melting 
at 145—147° with evolution of gas : 

0*1530 gave 0*3347 C0 2 and 0-0555 H 2 0. C = 59*7; 11 = 4*0. 

The acetyl content of this compound was determined by heating 
it for some time with dilute sulphuric acid in the presence of 
alcohol, the alcohol being then completely removed, and the pre- 
cipitated yellow substance, which was insoluble in cold water, 
collected and weighed: 

0’1690 gave 0*1108 of yellow substance, or 65*6 per cent. 
C 16 H 6 0 7 Ac 4 requires C=59‘8; H=3*7; C 10 H 10 O 7 = 65’l per cent. 
C 1<5 H s 0 7 Ac 4 „ C = 59'5; H=4d; C 16 H 12 0 7 =65*3 

It would appear from these results that the yellow compound 
Hesses the formula C 16 H 10 O 7 , and that it contains four hydroxyl 
grov. The presence of a methoxyl group was also established. 
The comjHMd. C,,TL„0-. as obtained from its acetyl derivative, 
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;r ystallises from boiling dilute alcohol in thin, yellow plates, which 
D elt and decompose at about 1 280°. It is readily soluble in alcohol 
, r acetic acid, but sparingly so in water, ether, chloroform, or ■ 
jenzene. It dissolves in alkalis with a yellow colour, and its solution. 
jj concentrated sulphuric acid exhibits a brilliant greeny 
luorescence. In alcoholic solution it gives with ferric chloride a^ 
hush-black coloration. The amount of this substance availabl# 
vas not sufficient for its further examination. 

’solution of a New Phenolic Substance, Pratensol, C 17 H 9 0 2 (0H) 8 »^ 

The final sodium carbonate extract of the above-mentioned^ 
dhereal liquid yielded, on acidification, a light brown powderjf 
[his was dissolved in hot alcohol, and the solution kept for some! 
iiQfiv when a small amount of the previously described pratol^ 
! w H 12 0 4 (m. p. 253°), was deposited. The mother liquors from?, 
re latter contained a quantity of a very soluble substance, which* 
juld not be obtained directly in a crystalline form. The alcohol , 
as therefore removed, and the residue acetylated, when a product| 
as obtained which,, after a few crystallisations from alcohok ' 
ielded a pure, colourless acetyl derivative, melting at 189° : 

0-1071 gave 0*2569 C0 2 and 0*0445 H 2 0. C=65*4 j H-4*6. 

0*1002 „ 0*2410 C0 2 „ 0*0406 ILO. C = 65*6;H = 4 5. 

-'The- molecular weight of the acetyl derivative was determined 
y the ebullioscopic method: 

0*3518, in 25*62 of benzene, gave It 0*094°. M.W. = 390. * 
C^HjgOg requires C = 65*4; H = 4*3 per cent. M.W.=422. 

The number of acetyl groups in this compound was ascertained 
y hydrolysing with aqueous sodium hydroxide, then adding a- 
light excess of sulphuric acid, and distilling the mixture in a 
urrent of steam: 

0*2057 gave acetic acid equivalent to 14*45 c.c. A'/10'Ba(QH) 2 ^ 
CO*CH 3 =302. 

C 17 H g 0 5 (C0*CH 3 ) 3 requires CO*CH 3 = 30*6 per cent. 

From these results it may be concluded that the substance con- 
amed in red clover flowers, from which the above-described tri- 
cetyl derivative was prepared, possesses the formula 
n order to obtain the parent compound, the acetyl derivative was 
leated fd^j some time in alcoholic solution with dilute sulphuric 
icid, and Fbe alcohol subsequently removed by distillation with 
team, whefc a colourless, crystalline substance separated. This was 
mrified by crystallisation from benzene, when it separated in 
eathery needles, melting at 210°. Although the amount of this 
ubstance was insufficient for analysis, it was proved to represent 
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the original compound by the fact that when again acefcylated, ^ 
yielded an acetyl derivative melting at 189°. 

No compound of the formula C 17 Hj 2 0 6 , possessing the same 
properties as that above described, appears to have hitherto been 
recorded. It is therefore proposed to designate the substance con- 
tained in red clover flowers as <pratensol, with reference to its 
phenolic character and the specific botanical name of the plant. 

Fraternal, C 17 H 0 O 2 (OH) 3 , is very readily soluble in alcohol and 
acetic acid, but only sparingly soluble in water, chloroform, and 
benzene. It dissolves in alkali carbonates, yielding yellow solutions, 
whilst its alcoholic solution gives with ferric chloride a greenish 
black coloration. 

Triacetylp’atensol , C l7 H 9 0 5 (C0‘CH s ) 3 , crystallises from alcohol, 
in which it is only moderately soluble, in colourless, slender needles. 
It is readily soluble in glacial acetic acid, and moderately soluble 1 
in benzene. When warmed with dilute aqueous sodium hydroxide, 
not only are the three acetyl groups removed, but the molecule 
also undergoes further change, with the formation of a compound 
which crystallises from dilute alcohol in long, colourless needles, 
melting at 183 — 184°. If, on the other hand, the acetyl compound 
is heated with aqueous sodium carbonate, the product is a yellow, 
crystalline substance, which melts and decomposes at 160°. It was 
not possible to ascertain the exact nature of these changes on 
account of the small amount of substance available, since 37*1 
kilograms of dried clover flowers yielded not more than I’D grams, 
or about 0*004 per cent., of pure triacctylpratensol. 

Isolation of a New Phenolic Substance , C J5 H 7 0 3 (0H) 3 . 

The sodium hydroxide extracts (c) of the previously mentioned 
ethereal liquid, when acidified, yielded a light green powder, which 
possessed an odour resembling that of eugenol. An attempt to 
identify the latter by distilling the product with steam was, how- 
ever, unsuccessful. The light green powder was subsequently 
decolorised by treating its hot alcoholic solution with animal 
charcoal, when, on cooling, colourless clusters of feathery needles 
separated. After several crystallisations, the substance was 
obtained pure, and then melted at 225° : 

0*0931 gave 0*2133 C0 2 and 0*0310 H 2 0. C=62*5; H=3*7. 

C 15 H 10 O q requires C=62*9j H=3*5 per cent. 

This compound yielded an acetyl derivative, which separated 
from alcohol in thin, silky needles, melting at 209°. The acetyl 
content of this compound was ascertained by hydrolysing with 
dilute aqueous sodium hydroxide, then acidifying with sulphuric' 
acid, and distilling the mixture in a current oh steam : 
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0-1750 gave acetic acid equivalent to 12*5 c.c. /10-Ba(OH) 2 . 

CO'CHg — 30 7. v 

The molecular weight of the acetyl derivative was also ascertained 
, r the ebullioscopic method : 

01768, in 26*46 of benzene, gave A t 0*043°. M.W.— 415. 
^.H 7 0 6 (C0-CH 3 ) 3 requires COCH 3 — 31*3 per cent. M.W. = 412. 

The substance, C 15 H 10 O f) , is soluble in alkali hydroxides, forming 
: colourless solution. In alcoholic solution it gives with ferric 
kloride a dark green coloration. With, concentrated sulphuric 
rid, only a faint yellow colour is produced. 

The yield of the substance C 15 H lft 0 6 was very small, not more 
hau 0*5 gram having been obtained from 37’1 kilograms of dried 
lover flowers. 

Isolation of a New Glucoside, Trifolin , C 22 H 22 0 Il3 IL,0. 

The original aqueous liquid (A), which had been extracted with 
ther, as already described, was kept for a considerable time, when 
fc was observed that a quantity (about 60 grams) of a light brown 
olid had been deposited. This was collected, and purified by 
epeated crystallisation from aqueous pyridine, when it separated 
a minute, slender, pale yellow needles, melting and decomposing, 
t about 260°. The substance contained water of crystallisation, 
hich was lost at 115°, but was again absorbed on exposing the 

[ hydrous substance to the air : 

0*3051, on heating at 115°, lost 0*0130 H 2 0. Il 2 0=4*3. 

0*1101 * gave 0*2302 C0 2 and 0*0464 Rfi. C=57*0; H=4*7. 
0*1194* „ 0*2481 (XX „ 0*0506 H 2 0. C=56*7; H=4*7. 
01010* „ 0*2115 C0 2 „ 0*0440 H 2 0. C = 57*1 ; H = 4*8. 
Co 2 H 22 ^ j 1 jUgO requires H 2 0=3*7 per cent. 

requires C=57*l; H=4*8 per cent. 

’hese results indicated the formula of the above-described sub- 
ice to be CgsHgoOjj, and it proved to be a glucoside. As it is a 
f compound, it is proposed to designate it trifolin , with reference 
the generic name of the plant from which it was obtained. 
Trifolin, C 22 H 22 0 11 ,II 2 0, is insoluble in chloroform, benzene, or 
d water. It is hot readily dissolved by alcohol, but is very 
uble in pyridine, and is best crystallised from a mixture of the 
ter solvent with water. With aqueous sodium carbonate and 
e alkali hydroxides, it gives intensely yellow solutions. It dri- 
ves in concentrated sulphuric acid, forming at first a yellow 
ution, but which rapidly develops a brilliant green fluorescence, 
alcoholic solution it gives with ferric chloride a dark brown 
loration. No crystalline acetyl derivative of trifolin could be 
spared. 

* Anhydrous substance. 
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Hydrolysis of Trifolin : Colouring Matter , 

Trifolitin , C 16 H 10 O 6 . 


^ Trifolin was dissolved in alcohol, a little dilute sulphuric acid 
fadded, and the mixture heated on the water-bath for >an houj 
^Th© alcohol was then removed by distillation in a current of steam,' 
fewhen a yellow, crystalline substance separated. This was collected 
land washed with cold water, the filtrate having been set aside W 
Tthe subsequent examination of the sugar. Some difficulty 
experienced in satisfactorily crystallising the yellow hydrolytic 
product, for it is extremely soluble in alcohol, and invariably 
separates from dilute alcohol at the ordinary temperature in an 
apparently amorphous condition. On the other hand, if the alcohol 
tjs removed from the solution at the boiling temperature, the sub- 
stance then separates from the hot liquid in thin, yellow needles. 
It is, however, best purified by crystallisation from moist nitro- 
benzene, when it separates in clusters of slender, yellow needles, 
which melt and decompose at about 275°. After drying at 130°, 
it was analysed : 

0-0786 gave 0-1846 C0 2 and 0*0264 H 2 0. C=641 ; H = 37. 

C 16 H 10 O 6 requires C = 64’4; H = 3'4 per cent. 

By heating the yellow hydrolytic product with acetic anhydride 
an acetyl derivative was obtained The latter, when crystallised 
from alcohol, separated in colourless, silky needles, which, wliei 
rapidly heated, melted at about. 116°, then resolidified, and finally 
melted at 182°. This behaviour was due to the presence of water 
of crystallisation, the melting point of the anhydrous substance 
being 182°: 

} 0‘5676, on heating at 105°, lost 0’0231 H 2 0. H s O=4*l. 

CigHgO^CO'CH^^O requires H 2 0 = 3*7 per cent. 

The anhydrous substance was analysed, and its molecular weight 
determined, with the following results: 

0*1078 gave 0*2426 C0 2 and 0*0401 H 2 0. C = 61‘4; H=4*l. 
0*1056 „ 0-2375 C0 2 „ 00391 II 2 0. C=61*3; H = 4*l. 

0*4012, in 28*14 of phenol, gave At -0*216°. M.W. =495. 
C 16 H 6 0 6 (C0*CH 3 ) 4 requires C = 61'8; H = 3 9 per cent. M.W.=466. 

In order to ascertain the number of acetyl groups in the above 
compound, it was dissolved in alcohol, dilute sulphuric acid added, 
and the mixture heated for several hours on the water-bath. The 
alcohol was then completely removed by distillation in a current of 
steam, and, after cooling, the precipitated yellow substance was 
collected and weighed, it having been found that the amouot 
dissolved by the water was negligible : 
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0*1811 gave O’ 11 60 of cok&feing matter, or 64*1 per cent. 

o-MM 64 ' 2 » 

CjflB^C^CO'C^pi^reqftires 63*9 per cent. 

The 'yellow colouring matter, as obtained from the aboyej 
described acetyl derivative, was crystallised from dilute alcohol,? 
dried at 120°, and again analysed: | 

| 0’0855 gave 0’2000 C0 2 and 0*0276 H 2 0. C = 63*8; H = 3’6. J 
C ]0 H 30 O,j requires C=64’4; H = 3’4 per cent. 

It is evident from the above results that the yellow colouring 
matter obtained by the hydrolysis of the giucoside trifolin possesses 
the formula C 16 fl 10 O 6 , and that it contains four hydroxyl groups. 
|As no compound of this formula, having the same properties, has 
jhitherto been recorded, it is proposed to designate it trifolitin , „ ',\|j 
| Trifolitin , C 16 H I0 O 6 , is readily soluble in alcohol and glacial- 
acetic acid, but only very sparingly soluble in benzene, chloroform,^ 
or ether. It dissolves in alkalis with an intense yellow colour, and 
dyes mordanted cotton wool a bright yellow. When dissolved ini 
concentrated sulphuric acid, it gives a yellow solution, followed by ; 
a brilliant green fluorescence. It is precipitated from its alcoholic 
solution By basic lead acetate as an orange-yellow lead salt. In 
alcoholic solution it gives with ferric chloride a dark green; 
coloration. TJrifolitin is not altered when heated for several hours 
with 30 per cent, aqueous potassium hydroxide, and it contains no 
inetkoxyl group. It is evident from its empirical formula, ; 

that it cannot belong to the flavone group of natural colouring;; 
matters, and it differs, moreover, from the flavone compounds by; 
the fact that it forms no salt with sulphuric acid (Trans., 1896, 
80, 206), whilst it is only with difficulty that a potassium salt is.* 
deposited from its concentrated alcoholic solution on the addition 
of potassium acetate. On the other hand, the composition andl 
general properties of trifolitin would agree with those of a tetrad 
hydroxy-derivative of phenylnaphthaquinone, but the amount oft 
material available was not sufficient to enable us definitely to 
ascertain the group of naturally occurring dyes to which it belongs. 

The aqueous liquid obtained in the course of hydrolysis of the 
giucoside trifolin was treated with barium carbonate for the removal 
>f the sulphuric acid, and evaporated to the consistency of a syrup. 
Iliis liquid readily reduced Fehling’s solution, and yielded a 
crystalline osazone which, in the crude condition, melted and 
lecomposed at 180°. When crystallised from aqueous pyridine, it 
ieparated in needles, which melted and decomposed at 194° : . 

0T258 gave 0*2902 C0 2 and 0 0738 H,0. C=62*9; H-6’5. 

Ci 3 H. ?2 0 3 N 4 requires C-63’2; H-6'4 per cent. 

The above result indicated that the sugar formed by the 
VOL. XCVII. * ® 
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hydrolysis of trifolin has the formula and it appeared to 
be rhamnose, the osazone of which,’' m^evet, is stated to melt ^ 
180°. For the purpose of comparison, an osazone was prepay 
from a commercial specimen of rhamnose. This, when crystallised 
from aqueous pyridine, was found to melt and decompose a t 
188°, and appeared to be identical with that above described. 
Trifolin is therefore converted by hydrolysis into trifolitin and 
rhamnose. A known weight of the glucoside was subsequently- 
hydrolysed by dilute sulphuric acid in aqueous alcohol, the alcohol 
then removed by passing steam through the mixture, and, alter 
cooling, the precipitated trifolitin was collected, washed with cold 
water, dried at 120°, and weighed: 

0*2066 gaveOT318 of hydrolytic product, or 64*1 per cent. 

0*2885 4 „ 0*1859 „ „ 64*4 

C 22 H 22 O n requires C 16 H 10 O 6 =64*5 per cent. 

The hydrolysis of trifolin therefore takes place according to the 
following equation: 

^ 22 ^ 22 ^ 11 = ^ 16 ^ 10^6 4 * ^ 6 ^ 12 ^ 5 * 

Trifolin. Trifolitin. Rhamnose. 

This equation would appear to indicate that the formation of 
trifolitin and rhamnose from trifolin is unaccompanied by the 
absorption of water, and would thus he analogous to that repre- 
senting the hydrolysis of quercitrin * : 

= C 15 H 1() 0 7 + C 6 H 12 0 5 . 

Quercitrin. Quercetin. Rhamnose. 

The explanation of this apparent anomaly may he, either that 
these glucosides tenaciously retain a molecule of water, or that the 
respective phenolic hydrolytic products suffer dehydration imme- 
diately after their formation. 

The dark-coloured aqueous liquid from which the above-described 
glucoside, trifolin, had separated was next shaken repeatedly with 
hot amyl alcohol. The amyl alcohol extracts were united, washed 
with a little water, and then concentrated under diminished pres- 
sure, when, on cooling, a yellow, gelatinous substance was deposited, 
This was removed by filtration, and the filtrate again concentrated, 
when a further quantity of a yellow substance was obtained. To 
the final amyl-alcoholic filtrate, light petroleum was added, which 

* The hydrolysis of quercitrin is usually represented as follows : 

GaHjA, l H,0 = C 15 U 1& 0, + C 6 H 14 0 6 . 

This equation, however, is evidently incorrect, inasmuch as it is now know 
that rhamnose possesses the formula C 6 H 19 O b , but crystallises with one molecule «1 
water {compare A. G. Perkin, J. Hoc, Chem . Ind ., 1903, 22, 602, and Brauns, Arch. 
PJiarm „ 1904, 242, 561). 
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precipitated the remainderof the yellow substance as an amorphous 
powder. The three ' motions thus obtained were separately 
examined. ' 

f raction /. — This product consisted of a yellow, highly hygro- 
scopic substance. It was dissolved in hot alcohol, and the solution^ 
kept for some time, when a gelatinous, brown mass separated. The 
latter was twice subjected to the preceding treatment with alcohol, 
when a crystalline substance was obtained, which was finally purified 
by crystallisation from dilute alcohol. It then formed colourless^ 
glistening leaflets, melting at 214°. The amount of pure substance 
isolated was 0‘5 gram: 

0 0989 gave 0‘2199 C0 2 and 0*0440 H 2 0. C = 60*6 ; H = 4*9. 

0*1154 „ 0*2559 C0 2 „ 0 0496 H 2 0.‘ C= 60*5; H = 4*8. 
C u H 12 O c requires C-609; H=4*3 per cent** 

This substance would thus appear to possess the formula C 14 H 12 0 6 , « 
and, as it differs in its properties from any substance of this 
formula which has hitherto been recorded, it may be regarded as 
a new compound. 

The compound , C 14 H 12 0 6 , is insoluble in water, chloroform, or 
benzene, but readily soluble in hot alcohol. It is insoluble in 
aqueous sodium carbonate, but readily dissolves in alkali hydroxides- 
without change of colour. It gives no coloration with concentrated 
sulphuric acid, and is not changed by heating with dilute sulphuric , 
acid. Its alcoholic solution yields with ferric chloride a light green 
coloration. 

Isolation of a Second Glucoside of Tnfolitm , iso Trifolm, CgH s O u .,>? 

Fraction //. — This product, consisting of a light yellow powder, 
was fractionally crystallised from alcohol. The more soluble 
portion contained a substance which separated from very dilute 
alcohol in pale yellow needles, melting and decomposing at about 
'250° with the formation of a deep red liquid. It was dried at 115° : 

0*1100 gave 0*2282 C0 2 and 0*0451 H 2 0. C^56*6; H = 4*6. 

C 22 H 22 O n requires C = 57*l; H — 4*8 per cent. 

The glucosidic character of this substance was proved by heating 
with dilute sulphuric acid in aqueous alcohol. On removing the 
dcohol, a yellow colouring matter separated from the hot solution 
Ln thin needles, which melted and' decomposed at 275°. This 
hydrolytic product yielded an acetyl derivative, which was found 
:o be identical with that prepared from the previously described 
:rifoIitin, C 1( .II 1(l O c . The aqueous liquid obtained in the course of 
:he above hydrolysis readily reduced Fehlitig’s solution, but the 
amount of glucoside available (0*5 gram) did not permit of pre- / 
paring an bsazone from the sugar. 

R 2 
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j «in \nemB tli© same yellow 
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v hich was coIIected.md ^^ id^Yith 'watcr. This product was 
found however, by digestion 

ttitli etliSfcbuld be separated into readily %nd sparingly soluble 
portions. ' The ethereal solution of the readily soluble* portion was 
extracted with alkalis, when it yielded traces of salicylic acidy% 
srnall amount of pratol, C 16 H 12 0 4 , and a yellow compound melting- 1 
,*at 305°, which, by means of its acetyl derivative (m. p. 194°), wr$s 
■identified as quercetin. 

halation of isoRhamnetin, C re H,A. 

The portion of the above-mentioned hydrolytic product which 
was sparingly soluble in ether was treated with aqueous sodium^ 
carbonate, when it was found to be only partly soluble in the 
alkaline liquid. From the insoluble portion a. small amount oft 
the previously described compound, C 14 H 12 O fi (m. p. 214°), was* 
obtained, whilst the portion soluble in the alkali carbonate con-; 
sisted chiefly of a yellow colouring matter, which was observed 
differ from any of the substances already isolated from the cloV||| 
flowers. This substance was sparingly soluble in acetic acid an<fr 
alcohol, and was purified by conversion into its acetyl -derivative^ 
the latter being then fractionally crystallised from alcohol unt|j| 
constant in melting point. It then separated in thin, hair-like 
needles, melting at 198 — 200°. After being dried at 120°: 

00927 gave 02017 C0 2 and 0 0354 H 2 0. C=59‘3; H = 4’2. 

C 1g H 8 0 7 (C0-CH 3 ) 4 requires C = 59'5; H=4’l per cent, i 
The number of acetyl groups in this derivative was determined^ 
by hydrolysis with dilute sulphuric acid, the hydrolytic producilj 
being then collected and weighed : If** 

O' 11 20 gave O' 0722 of colouring matter, or 64'5 per cent. 5 
01126 „ 0'0734 „ „ 65'2 

C ]6 H 6 0 7 (C0 , CH 3 ) 4 requires C 16 H 12 0 7 = 65'3 per cent. 

The hydrolytic product, which melted and decomposed at aboufr 
. 295°, was a deep yellow substance, only sparingly soluble in alcohol 
; or acetic acid, and' insoluble in chloroform or benzene. It dissolved! 
in alkalis, with the production of a deep yellow colour, and its! 
solution in sulphuric acid possessed a green fluorescence. It was!.;, 
found to contain one methoxyl group, as determined by Perkin’sf 
modification of the Zeisel method : 

0 0941 of acetyl compound gave 0'0379 Agl. MeO=5 3. 

C 15 H 5 0 6 (0CH 3 )(C0*CH 3 ) 4 requires MeO = 6'4 per cent. 

From these analytical data it may he concluded that the yellow 
substance has the empirical formula C )fl H 12 0 7 , and that it contains 
four hydroxyl groups and one methoxyl group. The composition 
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and characters of this substance are >tbus in agreement with those 
of isorhamnetin, a colouring matter which was first isolated by 
A. G-. Perkin (Trans., 1896, 69, 1658) from the petals of the yellow 
wallflower (Cheiranthus Cheiri). The last-mentioned author had, 
however, recorded the melting point of tetra-acetylisorliamnetin as 
195—196°.. 

In order to further confirm the identity of the substance con v 
tained in Ted clover flowers with isorhamnetin, the product resulting- 
%om the methoxyl determination was examined. This separated 
from the acid solution, on cooling, in yellow, silky needles, which 
did not melt, but partially volatilised, at a temperature below 
300°. It gave an acetyl derivative melting at 190 — 192°, and 
possessed the general characters of quercetin, thus affording con- 
clusive evidence that the respective substance in red clover flowers 
was a monom ethyl derivative of quercetin and identical with tV 
rhamnetin. 

The aqueous liquid which had been extracted with hot amyl 
alcohol, as above described, was dark brown in colour, and gave 
an abundant yellow precipitate on the addition of basic lead 
acetate. This precipitate was examined in the usual way, but, 
with the exception of a small amount of yellow colouring matter, 
nothing definite could be isolated from it. The filtrate from the 
basic lead acetate precipitate, after removal of the excess of lead, 
was of a bright yellow colour, and readily reduced Fehling’s 
solution. It contained a large quantity of sugar, which yielded 
d-phenylglucosazone, melting at 205°'. The liquid was concentrated 
undej diminished pressure to the consistency of a syrup, and kept 
for a considerable time, but nothing crystalline separated from it, 

The Resins (B). 

The resinous material obtained from 1*5 kilograms of the original 
alcoholic extract of rod clover flowers was a dark green, soft solid, 
and amounted to 314 grains. It was dissolved in alcohol, the 
solution, mixed with purified sawdust, and the thoroughly dried 
mixture then successively extracted in a Soxhlet apparatus with 
various solvents, when the following amounts of extract, dried at 


100°, were obtained: 



Petroleum {b. p. 30—45°) extracted 

190*0 grams 

= 60*5 per cent. 

Ether „ 

19*0 „ 

= 6-1 „ 

Chloroform „ 

6*7 

- 2*1 ,, 

Ethyl Acetate ,, 

10*3 „ 

= 3*3 „ 

Alcohol „ 

43-0 ,, 

= 13*7 „ 


Total 269*0 grams ^ 85*7 per cent. 
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Petroleum Extract of the. Resin. 

This extract consisted of a dark green, semi-solid fat. It was 
hydrolysed by heating for a short time with an alcoholic solution 
0 { potassium hydroxide, after which the alcohol was removed, water 
added, and the alkaline mixture repeatedly extracted with ether, 
•rhe ethereal extracts were united, washed, dried, and the solvent 
amoved, when a quantity (46' 5 grams) of a brownish-yellow solid 
tv as obtained. 

Isolation of Myricyl Alcohol , C 31 H 63 *OH. 

The above-mentioned, brownish-yellow, unsaponifiable material 
was agitated with cold alcohol, and thus separated into a soluble 
and an insoluble portion. The latter consisted of a colourless, wax- 
like solid, melting somewhat indefinitely at 70 — 74°. It appeared 
to consist of a mixture of several substances, and was therefore 
subjected to prolonged fractional crystallisation from a mixture 
of ethyl acetate and alcohol. In this manner the least soluble 
constituent was ultimately obtained pure, and then melted at 85°. 
It crystallised from ethyl acetate in small, colourless needles, whilst 
from alcohol it separated in glistening leaflets; 

01250 gave 0*3776 C0 2 and 01597 H a O. C=82’4; H = 14*2. 

C M H 64 requires 0=82*3; H = 14'2 per cent. 

The analysis and properties of this substance establish its identity 
as myricyl alcohol. 


Isolation of Hvptacosane, C 27 H M , Henlriacontane , C 3l H G1 , and 
Sitosterol, C 27 H 46 0. 

The more soluble substances obtained in the course of the above 
fractionation could not be further separated by crystallisation. A 
preliminary examination having indicated that they consisted 
chiefly of hydrocarbons, with presumably a little myricyl alcohol, 
the mixture was heated at 130° for an hour with an equal weight of 
phthalic anhydride, in order to convert the myricyl alcohol into its# 
acid phthalic ester, and thus effect its removal. The product was 
subsequently digested with a mixture of ether and chloroform, the 
solution filtered, and shaken with aqueous sodium carbonate. An 
insoluble compound thus separated, which was collected, and found 
to consist of myricyl sodium phthalate. The cther-chloroform 
solution was then evaporated, and the residue heated with aqueous 
sodium hydroxide in order to remove unchanged phthalic anhydride, 
lie portion insoluble in the alkali was afterwards dissolved in 
chloroform, the solution being washed, dried, and the solvent 
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removed. A waxdike solid ^ 

jectra^ to fractional crystallisation from ;< ethyl' most 
sparingly .soluble fraction, which separated^in* p^ari^J^Sts, melted 
at 66^? and this melting point was not changed -by ' furthei 
crystallisation : 

;; 0*1001 gave 0-3121 C0 2 and 0*1324 H 2 0. C=85*0; H = 14'7. 

C 31 H fli requires C— 85*3 ; H = 14‘7 per cent. 
f* This substance was evidently" hentriacontane (m. p. €8°), tht 
pomewhat low melting point being probably due to the present 
of % small amount of the following hydrocarbon. 

From the more readily soluble fractions, a substance was isolated 
which separated in pearly leaflets, melting at 58 — 59°: 

0*0944 gave 0*2943 C0 2 and 0*1229 HgO. C = 85*0 ; H = 14 5. 

C 27 H m requires C =85*3 ; H=14*7 per cent. 

This substance was thus identified as heptacosane. 

The portion of the unsaponifiable material which was soluble ii 
cold alcohol amounted to 30’ 2 grams. It was twice distilled unde 
diminished pressure, and the following five fractions collected 
|200— 210°; 210—220°; 220—290°; 290—300°; and above 300°/2 
-mm. 

Fraction 200— 210°/20 mm. — This was a pale yellow liquid, an 
contained a considerable quantity of an unsaturated substance: 

5 0*1083 gave 0 3256 C0 2 and 0 1289 H 2 0. C=82*0; H = 13*2. 

0*1234 absorbed 0*1008 iodine. Iodine value = 81*7. 

Fraction 210 — 220°/20 mm. — This was a brownish-yellow liquii 
and, like the preceding fraction, was unsaturated: 
a, 0*1064 gave 0 3141 C0 2 and 01288 H 2 0. C = 80*5; HAl3*5. ' 

^ T 0*0990 absorbed 6*0832 iodine. Iodine value =84*0. 

tv)-' " 

Both the above fractions were evidently mixtures, and nothh) 
of a definite nature could be obtained from them. 

Fractions 220 — 290°; 290 — 300°; and above 300°/ 20 mm. — The: 
fractions solidified on cooling, and were found to consist chief 
of a phytosterol, with a small quantity of the previously mentione 

« iydrocarbons. After repeated crystallisation, a substance w 
solated which separated from a mixture of ethyl acetate ai 
alcohol in colourless, glistening leaflets, melting at 135 — 136°: 
0*3194, on heating at 110°, lost 0*0160 H 2 Q. H 2 O = 5*0. 

C 2 7H 46 0,H 2 0 requires H 2 0 = 4*5 per cent, 

0-0963, dried at 110°, gave 0*2959 C0 9 and 0*1033 H 2 < 
C = 83*8; 11-11*9. 

C 27 H iG 0 requires C=83*9; H = ll*9 per cent. 

0"2244 of anhydrous substance, made up to 25 c.c. with chloi 
form, gave a n -0°37 ? in a 2 dcm. tube, whence Fata -34*4°. 
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The a ^ve.d4cribe&u&t#,,^.. evidently a phytaterol, and 
a „ ve a »£« « compounds. It>lded 

ofid arwt fhetefore is identical with 


and thefef|re is identical with 

anaUh., 1897, 18 , 551). , ■% 

Isolation of a New Dihydric Alcohol, Trifolianol, C 21 H M 0 2 (0BJ)£j 

* The aqueous alkaline solution of potassium salts resulting from, 
'the hydrolysis of the petroleum extract of the resm, having^, 
, Lken with ether to remove unsapomfiable material as altedy^_ 
described, was acidified with dilute sulphuric acid, when a dark-j 
coloured semi-solid precipitate of fatty acids was P roduc ® d - 
extracting the mixture with ether, however, it was observed that a 
oortion of the precipitate was very sparingly soluble in th^ . 
Lid The sparingly soluble material was therefore collected*; 
U,cn it formed a pale green solid, amounting to 3 grams » 
nurified by crystallisation from pyridine containing a little alcohol,,.. 
? f rom which it was deposited in minute, colourless needles, melting, 
and decomposing at 295°. After being dried at 110 : - 

01049 gave 0*2746 C0 2 and 0*0982 H 2 0. C=71‘4;H-10 4.j 
C,,H m O, requires C=71 6; H = 102 per cent. 

This compound yielded an acetyl derivative which * 

from alcohol in flat, colourless needles, melting at 165—166 . A 
analysis and the determination of its optical rotatory power gave', 
the following results : 

0*0968 gave 0*2442 C0 2 and 0*0799 H 2 0. C = 68*8; H = 9*2. 

C 21 H a4 0 4 (C0-CH 3 ) 2 requires C = 68*8; H = 9*2 per cent. . ; 

0*2435, made up to 25 c.c. with chloroform, gave a D -O^ira’ 
2-dcm. tube, whence [o] D -25*7°. 
p rom the above results it was evident that the compound melting 
at 295° is a dihydric alcohol, having the empirical formula 
CnH O . As it is a new substance, it is proposed to designate 
[UrifoUanol, with reference to the generic name of the plant from 

which it was obtained. k 

Trifolianol, UJW OH) 2 , is practically insoluble in water, ag 
very sparingly soluble in alcohol, ether, and chloroiorm, but readily 
soluble in dilute pyridine, from which it crystallises in minute 
needles. When dissolved in chloroform with a little acetic 
anhydride, and a drop of concentrated sulphuric acid subsequently 
added, it gives a transient pink coloration, changing to blue, and 
finally to green. The properties of trifolianol are similar to those 
of two other dihydric alcohols which have recently been isolated in 
these laboratories, namely, ipuranol, C 23 H sa 0 2 (0H) 2 (d wc?*. J. 
norm., 19Q8, 80 , 264, 576; Trans., 1908, 93 , 907; 1909, 95 , 249), 
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and citrullol, C^H^O^OH);, (this vol., p. 102). ^hese alcohols 
therefore appear to be members of a homologous series, 'which is 
represented, by the general formula, C n H £n . 6 O v 

Examination of the Fatly Acid 1*. 

The ethereal solution, from which the above-described trifolianol 
had been removed by filtration, was washed, dried, and the solvent 
removed. The mixture of fatty acids thus obtained contained a 
considerable quantity of Tesinous material, which was insoluble in 
light petroleum, and wa3 therefore removed by digesting the 
mixture with the latter solvent, and filtering. This resip was a 
dark green solid, amounting to 10 grams, but no definite crystalline 
compound could be isolated from it. The petroleum solumon, on 
evaporation, yielded a dark-coloured mixture of fatty acids) which 
was distilled under diminished pressure. The pale yellow distillate, 
amounting to 60 grams, became partly solid on cooling. It was 
dissolved in alcohol, when a substance separated which, after several 
crystallisations from alcohol, melted at 60 — 61° : 

, 0T182 gave 0 3236 C0 2 and 0T341 H«0. C=74*7; H = 12*6. 

0T280 required for neutralisation 5*02 c.c. Nj 10-KOII, 
Neutralisation value— 220. 

C, c H 32 0 2 requires C — 75*0; H = 12*5 per cent. 

Neutralisation value — % 19' 1. 

This substance was thus identified as palmitic acid. 

In order to ascertain the nature of the remaining constituents of 
the mixed fatty acids, the mother liquors from the above 
crystallisations were united, and, while hot, fractionally precipitated 
with a concentrated aqueous solution of barium acetate. The final 
precipitate was oily, and, as it consisted for the most part of the 
barium salts of unsaturated acids, it was separately examined as 
described below. From the other fractions of barium salt the fatty 
acids were regenerated, and, after one crystallisation from acetic 
acid, were titrated with a deeinormal solution of potassium 
hydroxide. The neutralisation values of the several fractions were 
199*0; 210*0; 213*0; 213*5; 214*8; and 216*9, whilst their melting 
points were 53 — 55°; 53 — 56°; 53 — 56°; 53 — 56°; 54 — 56°; and 
56 — 59° respectively. These results indicated that the saturated 
acids consisted chiefly of a mixture of palmitic and stearic acids, 
the respective neutralisation values of which are 219*1 and 197*7. 

The acids obtained from the above-mentioned oily barium salt 
were converted into their lead salts, and the latter treated with 
ether. From the portion of lead salt which wa 3 undissolved by 
the ether, a further small amount of palmitic acid was obtained. 
The acids regenerated from the soluble lead salt formed a pale 
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velk>w oil, whi/h was distilled under diminished pressure. An 
inalvsi s and >l4 determination of its constants gave the following 

results : : .< / 

0-1428 ga|e 0*4031 C0 2 and 0*1437 H 2 0. C=77*0; H-ll*2. . - 

a! 30 o /20 o f=0‘9148. Neutralisation value 200*9. Iodine value 184*7. 
C !S H 34 0 2 requires C = 76*G; H = 12*l per cent. Neutralisation 
value = 198*9. Iodine value =90*1. 

5 Cj.qH^Oo i requires C=771; 11=11*4 per cent. Neutralisation 
valup= 200*4. Iodine value =181*4. 

C 18 Hg () O f ' requires C = 77*7 ; H = 10*8 per cent. Neutralisation 
value= 201*8. Iodine value = 274*0. 

In order to ascertain more definitely the nature of the unsaturated 
acids, 10 grams of the mixture were dissolved in alkali, and 
oxidised with a 1*5 per cent, solution of potassium permanganate. 
The chief product of the oxidation, when crystallised from water, \ 
separated in thin needles, melting at 156 — 157°: 

0*0630 gave 0*1426 CO, and 0*0594 TI,0. C = 61*7; 11=10*5. 

C ls Hg fi O fi requires C = 62*l; H = 10*3 per cent. • 

This substance was evidently tctrahydroxystearic acid (sativicl 
acid). In addition to the latter acid, very small quantities of 
dihydroxystearic acid (m. p. 130°), linusic acid (m. p. 200— -205°), 
and wolinusic acid (m. p. 173 — 174°) were obtained. 

The above results would therefore indicate that the unsaturated 
acids consisted chiefly of linolic acid, with smaller amounts of oleic, 
linolemc, and f'solinoicnic acids. 


Ethereal Extract of the Resin. 

This extract was a black, brittle solid, and amounted to 19 grams. 
It was digested with 500 c.c. of ether, when the greater portion 
passed into solution, while a small amount of a light green powder 
remained undissolved. The latter was collected, and boiled with 
alcohol, in which it was very sparingly soluble, in order to remove 
the green colouring matter. It was finally crystallised from a 
mixture of pyridine and alcohol, when it separated in colourless 
needles, melting and decomposing at, about 290°. It yielded an 
acetyl derivative, melting at 166°, which was analysed : 

0*0854 gave 0*2142 CO, and 0*0690 H 2 0. C = 68*4 ; H = 9*0. 

C^Hs^ (CO*CH s )2 requires C = 68*8 ; H = 9*2 per cent. 

The above-described substance, when dissolved in chloroform with 
a little acetic anhydride, and a drop of concentrated sulphuric acid 
subsequently added, gave a pink coloration, rapidly changing to 
blue, and finally to green. It was evidently identical with the 
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dihydric alcohol designated as tpfdtiatiol/ which^hese alcohol JA 
been isolated from the •pctroleuii'‘^tral&;Sf 1 t&ies, which i j , 
The above-mentioned ethereal solution’ . of the 
waajhakeh successively with aqueous ammonium carbol 
*car Donate, and sodium hydroxide, and the various ej 
^^ined * were separately examined. The ammoniui^^ i 
noved only traces of a green resin. The first sodiui^ ^ 1 
yielded, on acidification, a dark green resin, whi^.^? 
"%fly of chlorophyll, whilst the subsequent, sodium 
Slict, when acidified, gave a nearly colourless precipi . 
collected and dissolved in alcohol, when a small an^ 
piibstance separated in colourless, talon-like needles, i, yl 
253°. This substance was found to be identical with the V 
designated as pratol, C 1G H 12 0 4 , which had previously beeV 
from the portion of the alcoholic extract of clover flowo 
• was soluble in water. The mother liquors from the cryst; 
of the pratol deposited a little of a crystalline substance, mell 
r somewhat indefinitely between 178° and 183°, but the amount wasS 
-■too small to permit of its further examination. The final extraction 
£pf the ethereal liquid with sodium hydroxide yielded nothing but! 
/amorphous products, and on subsequently evaporating the ether* 
son 1^7 traces of a soft resin remained. 


Chloroform and Ethyl Acetate, Extracts of the, Resin. 

feThese extracts were black, brittle solids. They were small in 
amount, and nothing crystalline could be isolated from them. 


Alcohol Eo:tract of the Resin. 

This was a dark brown, brittle solid, amounting to 43 grams. 
In order to ascertain whether it contained anything glucosidic, it 
was heated for some time with a 5 per cent, solution of sulphuric 
acid in aqueous alcohol, and the mixture subsequently distilled 
with’ steam, but no volatile oil or acid passed over. The distillation 
'flask then contained, besides the aqueous liquid, a quantity of a 
black resin, which was collected and examined, but nothing definite 
could be isolated from it. The aqueous liquid, on the other hand, 
when extracted with ether, yielded a small quantity of a viscid, 
yellow oil, which gradually deposited a solid substance. The latter; 
was crystallised from alcohol, when it separated in colourless 
needles, ^ at 250°, and gave an acetyl derivative melting 
at 166°. YuP ,’S^ d to be identical with the previously- described 
substance.^ genera?^, designated as pratol. The aqueous liquid, 
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l^t&ial] "quantity of an osazone,- melting at ,1£; 
ffacW &dicatcd the presence of a glucoside in i ' llc ,? lc0 £fe 
K the resin, and it is probable that the small amountm| 
f SjU, obtained from the latter represents nnej|g| 
[lytic products. 


Follows: 


Summary. 

i he det/iled results of the present investigation of 
»rs (Trifolium pruteme, Linne) may be summaiised , _ 

quantity of the alcoholic extract, representing 371 tal o^^ 
lm dried flowers, when distilled with steam, yielded 10 5 gtamm' 
002 per cent., of essential oil. This mential oil » • £ 
dined furfuraldeliyde, possessed the following constants. 

contained » “dnX aqueous liqnid'the following 

f rrsubitanL werd Mated: salicylic and p-coumaric acids; 
iefi “ 0 H O (m p. 295°), which was probably present 

rSJl 

166°; pratensol, C 17 H 9 U 2 (Uri;3> m. p > J w , w 

. f . u * _ , + iaqo. a yellow compound, O )C xl 10 u 7 (m. Pv 

derivative melting at 1»» > a 1 . 1 45—147° 

m o\ whic h Yields a tetru-acetyl derivative melting at 140 i , 
280 ), wbicn yicias » wb ich ields a tnacttyl 

a substance , C 15 H 7 U 3 (UMj 3 , m. P n / 214°) ; 

derivative melting at 209- .substance ^A^Pj £ K 
also the following new glucosides: tnfohn , CooH^On, 2 . P 

260“), which yields on hydrolysis a yellow colouring matter, 

. n XT O ( tii d 275°), and rhamnose, C 0 H 12 O 5 , iso- 

"Si V). L - - «— *■• f- 

.. a. .tow. •*»* .fa >“7““- 

water consisted chiefly of resinous material, the 

was equivalent to 5-6 per cent, of the weight of dried clover flower. 

From the resin the following compounds 

.lcohol, C 31 II k -OH; lieptacosane and b» . a „ ew 

sitosterol, ^*7 ' 40 ( m *P_ o fOIIl ' (m ” p. 295°), which 

lihydric alcohol, tnfohanol, C^O-sfizi ^ . and 

ippeads to be a homologue of lpuranol, Qa ss s( , 05.7 0 . 

* Letyl derivative melting at 165-166° and havxug ^ 

a mixture of fatty acids, consisting chiefly 0 pa m , ’ 
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linoliq acids, with small amounts of oleic, linolenic, ’hUnd wolmolenic 
acids. A small amount ot pratol, C 16 H$Q 4 , was l&<*J w i s e obtained, 
tlie latter having evidently been present in the resin, y ^ the lot® 
of a glucoside. 

Tan \Yrllcomb Chemical Research Laboratories, 

London, E.C. 
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-The Triazo-group . Part X1L 
para- Triazobenzaldehyde , 


Derm 


By Martin Onslow Forster and Hilda Mary Jud; 



An investigation of the hydroxyphenylazoimides (Trans., ItA 
855 and 1350) brought to light a characteristic distinction befvJ 
the potassium derivative of the para-compound and those of the orthi>! 
and meta-triazopbeaols depending on the change of colour which 
takes place when the solution in water or absolute alcohol is heated; 
as a consequence of this treatment, the colourless substance is trans- 
formed into a dark blue material, which appears to be isomeric with its 
generator. The explanation of this behaviour which suggested itself 
at the time depends on the possibility of rearrangement having taken 
place in accordance with the following formulae : 

N N NK 

KO-0,H t 'N<t 0:0,H 4 :NK<t. or , 


and although it was nob possible to recognise any substantial 
difference between the acyl derivatives prepared from the blue 
compound and those obtained from the colourless potassium salt, 
they were certainly more highly coloured ; moreover, whilst the 
P -triazophenol liberated from it by acids appears to have the general 
properties of the origiual material, the solid potassium derivative 
regenerated by the action of alkali is not colourless, but bluish-green. 

The absence of any similiar colour change in the case of ortho- and 
meta-bydroxyphenylazoimides has led us to examine certain para- 
derivatives of triazobenzeue in which the occurrence of hydrogen in 
the group occupying the para-position afforded an opportunity of 
rearrangement on the lines indicated above. The condensation 
products from p-triazobenzaldehyde with hydroxylamine, phenyl- 
hydrazine, and p-aminophenol might have been expected, under 
favourable circumstances, to yield coloured modifications depending on 
transposition of hydrogen : 
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HO-N:cH C,H 4 -N<y -* ho-n:c:o (; h 4 :nh<U . 
c 6 h 5 -nh-n:ch-c 6 h 4 -n<^ c 6 H 5 -H:N-CH:c 6 H 4 :NH<y . 
ho-c 0 h 4 -n:ch-o 6 h 4 'N<H _* o:c 6 H 4 :N-CH:c 6 H 4 :NH<y. 


Id no case, however, has any indication of a colour change by alkali 
^een observed, and although it certainly happens that a chloroform 
[solution of p-triazobenzaldehydephenylhydrazone rapidly becomes 
brown and ultimately purple when exposed to light, the observations 
>f Chattaway (Trans,, 1906, 89, 462) in connexion with the ’alteration 
phich benzaldehvdephenylbydrazone undergoes, would suggest corre- 
pondeuce between the two phenomena. 

There does not appear to be any tendency on the part of the triazo- 
Toup in jtf'triazobenzaldehyde to enter into association with the 
Idehyde radicle in the manner brought to light by Bamberger and 
)emuth ( Ber 1901, 34, 1309) during an investigation of certain 
ortho-aminobenzaldoximes, These authors found that on diazotising 
o-aminobenzaldoxime there is produced indiazoneoxime, isomeric with 
o-triazobenzaldehyde, into which it passes on treatment with alkali or 
warm water ; furthermore, they showed that o-triazobenzaldehydp may 
be converted readily into anthranilic acid through anthranil, from 
which they regenerated it by the combined action of hydroxy lamine 
and oxygen ( loc . cit 3874 and 4015): 


C 0 H 4 <' 


ch:noh 

NIL 


c.h 4 <W) >n 


. r H <rCH:o 


r 1 h 

C«H t <x">0 


0 „ ^00,H 


As the production of anthranil from o-triazobenzaldehyde must 
depend on an opening of the azoimide ring analogous to that incurred 
by diazomethane when this compound transforms aldehydes into 
ketones (Schlotterbeck, Ber., 1907, 40, 479; 1909, 42, 2559), it 
seemed reasonable to expect a similar transformation in the case of 
o-triazobenzonitrile : 



The substance in question was therefore prepared by the action of 
hydrazoiq acid on o-cyanobenzcnediazonium chloride ; it was found 
that alkali, however, which transforms o-triazobenzildehyde into 
anthranilic acid with loss of nitrogen, leaves the triazo-group in 
o-triazobenzonitrile intact, the substance being merely hydrolysed to 
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o-triazobenzoic acid. During this jfcrocess there does not occur any 
elimination of the triazo-gToit ^W aldiS alk^i ^^jand the 

same power of resistance is (flipped ,lt^tnazo*g^\ip ;> itf7) : ^‘is Z o- 
benzaldoxime. These observations arrofsome interest ill connexion 
with ^e^effdsPlroduced br other groups on tho tenacity with 
which tt^^&aoimide complex is held by the benzene ring. Noelting, 
Grandmougin, and Michel (Ber, } 1892, 25, 3328) were the first to 
show that. a nitro-group in the ortho- or para-position unloosed the 
trijp.RO-group, which remained indifferent to the presence of methyl and 
the meta-nitro-complex ; a similar relationship was found applicable to 
the naphthalene series (Forster and Fierz, Trans., 1907, 91 , 1942), 
with the addition that a heteronuclear nitro-group in the 5 ; 1, 8 :1 } 
5 : 2, and 8 : 2 positions left the azoimide radicle unaffected by alkali. 
Fuffchemore it was shown (foe. cit., 1356) that boiling potassium 
hydroxide solution eliminates 20 per cent, of hydrazoic acid from 
yj-hydroxypheuylazoimide without yielding a trace of this product 
fro^a. the ortho-derivative. 

1$e have taken this opportunity to study the relationship of the 
oximes obtainable from y>-triaaobenzaldehyde, and find that the 
production and properties of these substances are governed by that 
same generalisations "which prevail among their better known 
analogues. The anri-aldoxime, melting at 98°, is the direct product 
ofjlpaticg the aldehyde with hydroxy lamine. and is converted by the 
action of hydrogen chloride in dry ether into the syw-aldoxime, which 
melts at 142°; The latter modification is labile, being transform^ 
into the more fusible isomeride at 100°, and on treatment wtfh 
benzoyl chloride in pyridine yields the same benzoyl derivative £s ; 
tha^t, obtained from the anri-aldoxime ; the p-triazobenzaldoximes thus 
rd^nble the unsubstituted compounds, from which only one benzoyl' 
derivative is obtainable. On consulting the literature we found that 
the^enzovl derivative of benz-«rtri-aldoxime was produced by direct 
action of benzoyl chloride (Minunni and Corselli, GazzeUa, 1892, 22, 
ii, 167), and consequently in presence of hydrogen chloride. Neverthe- 
less we have failed to obtain an isomeric benzoyl derivative under 
modified conditions, the only product arising by the acifion of benzoyl 
chloride on the dry sodium derivative of both benzaldoximes in 'Other 
consisting of the substance melting at 101° described by Miminnra&d 
Corselli; benzoylation in dry pyridine or in presence of aqueous 
alkali was equally unsuccessful. The beuzoyl derivative of jj-triazo- 
benzaldoxime is readily decomposed into ^-triazobenzonifcrile and 
benzoic acid* and on attempting to prepare the p-toluenesulpboayl 
derivative, this nitrile was the sole recognisable product. From the 
sodium derivative of benjwmfi-aldoxime, however, a very' unstable 
^•toluenes ulphonyl compound has been prepared, melting at 88°, aud 
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undergoing decomposition into benzonitrile at the laboratory tem- 
perature j the ay^aMoxime^did not yield* a p-toluenesulphonyl deriv- 
ative, however, even when exactly the same Conditions were observed, 
benzonitrile alone being formed, and it* is noteworthy in this con- 
nexion that the nitrile was produced from both oximes by the .action 
of benzenesulphonyl chloride in pyridine (Werner and Piguet, Her., 
1904, 37, 4308). /?-Naphthalenesulphonyl choride appears to be 
incapable of attacking the isomeric benzaldoximes and their p-triazo- 
derivatives in pyridine at zero, 

Experimental. 

The \>-Triazobenzaldoximes , 

The p-triazobenzaldehyde required for the preliminary experiments 
^vas prepared by the action of sodium carbonate on a solution of 
diazotised p-aminobenzaldehyde to which hydroxylamine hydrochloride 
bad been added (Rupe and von Majewski, tier., 1900, 33, 3401), but 
we subsequently obtained a more satisfactory product by the following 
process. 

Fifty grams of finely powdered p-aminobenzaldebyde were mixed 
with crushed ice, stirred with 150 c.c. of concentrated hydrochloric 
acid, and diazotised with 25 grams of so.diuui nitrite in the minimum 
of water; after half an hour some carbamide was added, and the 
liquid filtered rapidly from tar. The ice-cold diazonium salt, now 
clear and orange-yellow, was treated witja 20 grams of Sodium azide, 
added gradually in aqueous solution ; brisk evolution of nitrogen, 
occurred, and the triazobenzaldehyde separated in the form of a pale 
brown oil, which, after an hour, was extracted with ether, shaken 
twice with 10 per cent, hydrochloric acid, and dried with calcium 
chloride, thereby losing much of the brown impurity. The triazo- 
benzaldebydo weighed 32 grams, 

^Triazobmz-axiti-aldoxiine was prepared by adding 6 grams of 
hydroxylamine hydrochloride to 5 grams of the aldehyde suspended 
in 50 c.c. of 15, per cent, potassium hydroxide, tho characteristic 
odour of p-triazohenzaldehyde, which recalls anise, being no longer 
perceptible after half an hour. Carbon dioxide was then passed 
through the liquid, and the deep brown precipitate recrystallised 
from, dilute alcohol, forming lustrous plates which melt at 98° : 

0T1I9 gave 33 c.c. N 2 at 16° and 769 mm. N = 34*80. 

C 7 H 6 ON 4 requires N = 34 ’56 per cent. 

The substance ij freely soluble in methyl and ethyl alcohols, ethyl 
acetate, chloroform, ether, glacial acetic acid, acetone, or carbon 
tetrachloride ; benzene dissolves it less readily, and petroleum 

VOR XCVII. S 
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sparingly, depositing it in flat, pale yellow needles. It is volatile 
in steam, and when crystallised, from boiling water is practically 
colourless. Ether extracts small quantities from solutions in alkali 
hydroxide. When exposed to light the substance rapidly become 
dark brown, but there is no change of colour when a solution in 
50 per cent, potassium hydroxide is boiled, unaltered material 
being recovered on acidification ; moreover, one gram of the substance 
was heated with 20 per cent, aqueous potassium hydroxide during 
four hours on the water-bath without yielding a trace of potassium 
azide. Torrents of gas were liberated by concentrated sulphuric 
acid, which formed a dark brown liquid indifferent towards Fehling’j 
solution. Stannous chloride in [hydrochloric acid also sets free gas, 
yielding a bright red solution, from, which a dark reddish-brown 
precipitate quickly separated ; this material, probably an azo-compound 
is insoluble in benzene, but dissolves in alcohol, the deep red 
solution becoming yellow with alkali and having its red colour 
restored by acids. 

The methyl ether was obtained by the silver oxide method as a 
colourless oil having a powerful odour of anise, and also arises by the 
action of diasomefchane on a solution of the oxime in dry ether 
(Forster and Dunn, Trans., 1909, 95 , 425) ; it is readily volatile in 
steam, and is not dissolved by alkalis. 

p-Triazobenz-syn-aldoxime arose in the form of hydrochloride on 
passing dry hydrogen chloride into a solution of the anti-oxime 
(m. p. 98°) in ether. The salt, after being washed with ether, was 
suspended in this medium and decomposed with sodium carbonate, the 
ethereal solution of the a^ot-oxime being then dried by sodium 
sulphate and evaporated at the laboratory temperature. The colour- 
less, crystalline residue was recrystallised from warm benzene, which 
deposited a felted mass of very pale yellow, silky needles : 

0 0498 gave 14‘2 c.c. N 2 at 10*5° and 775 mm. N = 34*64. 

C 7 H g ON 4 requires N = 34*56 per cent. 

The melting point, 142°, is sharp, although the substance decomposes. 
The oxime is readily soluble in methyl and ethyl alcohols, from which 
water precipitates lustrous, slender needles ; it is freely soluble in 
cold ethyl acetate, chloroform, ether, acetone, or glacial acetic acid, 
but is only sparingly so in benzene, and almost insoluble in light 
petroleum. It resembles the more fusible isomeride in being very 
sensitive to light, volatile in steam, and extractable by ether from its 
alkaline solutions. Unlike the syn-moditication of benzaldoxime and 
its nitro -derivatives, the triazo* compound appears to resist any 
tendency to undergo transformation into the anti - form on recrystalli- 
sabion, and must be heated for several minutes at 100° before the 
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isomeride is regenerated j the ayn-oxime may even be recovered 
unchanged from a solution^ 10 per cent, potassium hydroxide which 
has been heated in steam during fifteen minutes. 

Action of Acyl Chlorides on the Oximes . — On mixing pyridine 
solutions containing 1*4 grams of Benzoyl chloride and 1’6 grams of the 
tf?jfi-aldoxime, the temperature rose, and the liquid was therefore 
surrounded with melting ice during one hour, and afterwards poured 
into cold water ; the oil precipitated in this manner became semi-solid 
on treatment with dilute acetic acid, and after being rubbed with a 
few drops of cold alcohol and drained on earthenware, yielded a 
colourless solid, only moderately soluble in alcohol, from which it 
crystallised in minute, lustrous needles melting at 146° with 
decomposition: 

0'1325 gave 23*5 c.c. N 2 at 11° and 758 mm. N-21‘12. •>. 

C u H 10 O 2 N 4 requires N = 2i'05 per cent. 

On proceeding in exactly the same way with the syn-aldoxime, the 
product is identical. 

It was noticed that if the oil which is precipitated on pouring the 
pyridine solution into water is allowed to remain in the liquid without 
adding acetic acid, the benzoyl derivative disintegrates in the course 
of a few days, yielding p-triazobenzonitrile, a specimen of which, after 
crystallisation from alcohol, melted at 71°, and was therefore identical 
with the substance obtained by Rupe and von Majewski (Joe. cit., 
3406) from p-eyanobenzenediazoniuui perbromide and ammonia. 

The action of p-toluenesulphonyl chloride in pyridine was also 
studied, and with this agent both oximes were converted into the 
nitrile. /3-Naphthalenesulphonyl chloride, however, appears to be 
devoid of action, unchanged material being recovered in each case 
when the isomeric oximes were treated with this compound in 
pyridine. 


Action of Potassium Cyanide on p* Triazobtnzaldehyde . 

In preparing p-triazobenzaldehydo by the process of Rupe and von 
Majewski, we were led to suspect the occurrence of a subsidiary action 
indicated by the comparative indifference <?f the product towards 
hydroxylamine and phenylhydrazine. As it seemed possible that a 
portion of the aldehyde had become converted into bis-p-triazobenzoin, 
we attempted to compare this compound by the action of potassium 
cyanide, but it was soon evident that this agent, instead of effecting 
benzoin synthesis, had attacked the triazo-group in the manner 
described by 'Wolff and Lindenhayn (Ber., 1904, 37, 2374), giving 
nse to the potassium derivative of the corresponding triazen, 

0: ^a-C , (i H 4 -N:N-NK*CN. 
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Ten grams of the aldehyde in 20 c.e. of absolute alcohol we re 
heated with 2 grams of gotasajum cy^i^idqin 10 c.c. of water during 
half an hour under reEux ; the liquid deposited a small quantity of 
potassium, cyanide as it cooled, and when filtered from this was allowed 
to ^evaporate spontaneously. Brigffl yellow crystals were obtained 
embedded in oil, and on recrystallisation from alcohol formed radial 
groups of long, pale yellow prisms : 

- 0-0435 gave 0*0179 K^O*. K** 18*40. 

C 8 H & ON 4 K requires K = 18*40 per cent. 

The salt has not a definite melting point, decomposing at a high 
temperature with extensive intumescence; it is readily soluble in 
water, the yellow colour of the solution being destroyed by hydro, 
chloric acid and restored by alkali. 


p * Triazobenzaldehydephenylhydrazonei Ny C c H 4 * C II ! N ‘XII* 0^. 

On mixing 4 grams of p-triazobenzaldehyde with 3 grains of 
phenylhydrazine, water separated immediately, the liquid became hot* 
and solidified on cooling ; the product was recrystallised from methyl 
alcohol, followed by petroleum, which deposited minute, straw-coloured 
needles melting at 190° without evolving gas, although steady 
effervescence began at 120°: 

0*1 103 gave 28*2 c.c. at 1 7° and 767 mm. N = 29*95. 
C 13 H n N 6 requires N = 29*53 per cent. 

The phenylhydrazone is freely soluble in cold acetone, benzene, ethyl 
acetate, and chloroform, the solution in the last named becoming deep 
brown and ultimately purple when exposed to light ; this colour 
change has not been observed in the case of any other medium, and 
recalls the observations of Chattaway in connexion with benzaldehyde- 
phenylhydrazone (doc. cit.). Concentrated sulphuric acid develops a 
transient, intense blue coloration, followed immediately by liberation 
of gas; this was also set free by stannous chloride in hydrochloric 
acid, which ultimately gives rise to a deep reddish-brown precipitate. 
There is not any change of colour when the substance is heated with 
concentrated potash in either alcohol or water. 


y-Triazobmzaldehyde-y-aminophenol, Ng’C^H^CHlN’C^HyOH. 

Five grams of ;>aminophenol hydrochloride in water were mixed 
with 5 grams of sodium acetate and shaken with 5 grama of p-triazo- 
benzaldehyde, when the emulsion was transformed into a paste of 
crystals; after recrystallisation from benzene, the substance vas 
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1 obtained in lustrous, golden-brown,; six-sided plates, melting at 175° 
with vigorousJntumeFcencp <i :| 

0*1378 gave ■ 27*5 c.c. N 2 at ligand 765*5 mm. N = 23*64. 

* • - C isE 10 ON 4 requires N = 23*53 per cent. 

The substance is moderately soluble in boiling methyl alcghol, but 
only sparingly soluble in boiling benzene, and insoluble in boiling 
petroleum ; acetone and ethyl acetate dissolve it readily when warm, 
depositing the^substance in clear-cut, hexagonal prisms, whilst boiling 
chloroform dissolves it sparingly. When suspended in water and 
heated with potassium hydroxide, the deep yellow solution of the 
, potassium derivative quickly deposits lustrous crystals, but the 
sparingly soluble product undergoes no colour change when heated 
with concentrated potash, aqueous or alcoholic, Tho substance is 
decomposed immediately by concentrated sulphuric acid, liberating 
gas, which is also set free by stannous chloride in hydrochloric 
acid, the deep red solution rapidly depositing a dark reddish-brown 
; precipitate. " 

Condensation of p - Trtazo benzaldehyde with Camphoryl-^semicarbazide, 

Four grams of cam phory 1- i/f- semicarbazid e nitrate dissolved in water 
were warmed with two grams of p-triazobenzaldehyde, when the 
the liquid became turbid and colourless needles separated. The " 
highly insoluble product was exhausted with a small quantity of 
boiling absolute alcohol, and then dissolved in a large proportion of 
boiling acetone; dilution with water led to the separation of trans- 
parent, pale yellow, rectangular prisms, infusible below 250°, although 
suddenly becoming brown at about 200° : 

0*1287 gave 0*2948 C0 2 and 0*0587 H 2 0. C = 62*45 ; II = 5*06. 

0*1371 „ 30*8 c.c. N 2 at 15° and 763 mm. N = 26*46. 
c is H 2 A N fl requires O* 61*00 ; II~6*21 ; N * 23*73 per cent. 
C A0 3 N 9 „ 0-62*11 5 H-5-17; N = 26*09 „ 

The constitution of the product is somewhat obscure. The 
analytical results are not in agreement with the empirical formula 
«N e , that of p-triazobenza Id ebyde camphoryl-i^-semicarbazone, 
and are equally incompatible with the anhydride, which, in view of 
the readiness with which camphoryl-^-semicarbazide loses lff 2 0, 
Night possibly have arisen. The formula indicated is that of bis- 
f>triazobenzoin cam phory 1-^-semicarbazone, 

C H <r? H,:N [ N:C ( 0 oH 4 -N 5 )*CH{O r ,H 4 *N 3 ).OHk 

^ u NS[OH) — 

[? an expression which gains probability from the infusi- 

llty of the substance, because the camphoryl^-semicarbazones 
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already described (Trans., 1905, 87, 727) melt bebow 250° whilst .the . 
anhydride of cJphoryl^-Bemi^^i* not fused ™til 280% 

rea l b sition containing 0-1745 gram in 25 cc. of chlorofom g*, e 
a 7‘46' inn 2-3cm. tube, -whence [a] D 556-3°, whilst a pyridine 
solution with 0-2600 gram in 25 c.c. gave a„ 0°30' for the su* 
length, corresponding with [a]^ 24 0 . 

_CN 

o-Triazolenzonitrile, 

The azoimide was produced by the following steps from o-nitro- 
aniline : 


NO* 


NO, 
/^CN 


NH, 


N„ 


/Son 


Adopting the modification of Saudineycr’s method .described by 
Pinnow and Muller (Ber., 1895, 28, 151), we found that the c-nitra 
benzonitrile was more conveniently separated from the uimmtag 
product of treatment with cuprous cyanide by allowing the black 
mass to become dry, extracting it with chloroform, and add, eg 
petroleum to the filtered liquid; in this way, 50 grams of o-mtiw 
aniline furnished 37 grams of o-nitrobeuzonitnle in crystalline form. 
The difficulties which beset the reduction of o-mtrobenzomtnle to 
o-aminobenzonitrile have been already described by Pinnow and 
Muller (loc. cit. ; compare also Reissert and Grube, Ber., 1909, 42, 
3710) and we isolated the hydrochloride of the base id the manner 
indicated by them, removing the associated hydrochloride of o-amrae 
benzamide by treatment with cold water. 

Fifteen grams of o-aminobenzonitrile hydrochloride were suspended 
in 80 cc of hydrochloric acid and diazotised with 25 grams of sodium 
nitrite ; by using a larger proportion of hydrochloric acid than that 
employed by Pinnow and Samann {Ber., 1896, 29, 630), the forma- 
tion Q f o-dicyanodiazoaminobenzene, which represented 80 per cent, of 
the theoretical amount in their experiment, was almost entire y 
avoided, and the filtered diazonium salt gave o-triazobenzomtnlMn 
the form of a colourless precipitate on adding 20 grams of sodium 
azide. The dried product was reorystallised from petroeum 
(b. p. 60—80°), which deposits pale yellow, lustrous lea eh 
quietly becoming brown when exposed to light ; it sinters a o i 
and is completely fused at 58° : 

0-0792 gave 27 0 c.c. { N 2 at 17° and 748 mm. N = 38*92. 

C 7 H 4 N 4 requires N - 38 '88 per cent. 
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The substance is freely soluble in cold chloroform, ethyl acetate, 
benzene, or acetone, readily so in alcohol, and more sparingly so in hot 
petroleum. Although the s6lid material is odourless, the vapour in 
steam has a penetrating odour, without suggestion of anise. . There is 
violent decomposition with concentrated sulphuric ahid. ^ : j 
Action of Alcoholic Potash . — An alcoholic solution of o-triazobenzo- 
nitrile was heated two hours under reflux with potassium hydroxide 
dissolved in the minimum quantity of water. Nitrogen was .not set 
free, and on evaporating the solution, potassium azide could not be 
detected in the residue, which was then dissolved in water and treated 
with dilute sulphuric acid. The precipitated o-triazobenzoic acid was 
recrystallised from boiling water, from which it separated in minute, 
lustrous needles, melting and decomposing at 146°; analysis gave 
25'97 per cent, of nitrogen, 25*76 and 34*57 per cent, being required 
by the formulae 0 r H 5 0 2 N 3 (triazobenzoic acid) and CyH^ONj (triazc- 
benzamide) respectively, and the acid is therefore identical with the 
one obtained by Griess from anthranilie acid (Zeitsch. fur Chm. t 
1867, 165) and by Bamberger and Demuth (Ber., 1901, 34, 1337) 
from o triazobeuzaldehyde. 


Action of Acyl Chlorides on the Isomeric Benzaldoximes. 

So far as we have been able to ascertain, the only benzoyl derivative 
of benzaldoxime is that described by Minunni and Corselli {loc. cit.)> 
who prepared it from benz-anfi-aldoxime and benzoyl chloride in dry 
ether. In view of the existence of two acetyl derivatives correspond- 
ing with the anti - aud syw-aldoximes, it appeared worth while to 
attempt the production of a benzoyl derivative from benz-syn-ald- 
oxime under conditions excluding tho presence of free hydrogen 
chloride. 

As a preliminary experiment, the sodium derivative of benz-anti- 
aldoxime suspended in dry ether was treated with the calculated 
amount of benzoyl chloride, the very vigorous action which ensued 
being cheeked by surrounding ice and water ; after half an hour, 
anhydrous sodium carbonate was added to destroy any slight excess of 
benzoyl chloride, when the filtered solution deposited the known 
benzoyl derivative melting at 101°. On treating the sodium deriv- 
ative of benz-syw-aldoxime in precisely the same way, the same 
substance was produced, no depression of melting point occurring on 
admixture. 

An attempt to prepare a p-toluenesul phony 1 derivative of benz-anii- 
aldoxime by the same process was unsuccessful ; the residue left by 
the solvent remained liquid, and decomposed explosively on slightly 
raising the temperature, when torrents of gas were liberated, whilst 
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the tarry residue had the odour of phenylcarbylaraine. On shaking 
the sodium derivative of henz-ani^aldgxiine with jo-toluenesulpbooy] 
chloride in 5 per cent, sodium hydroxi de^during two find a-half h onr? 
a strong odour of benzonitrile was developed, and a small ptSportion 
of a solid substance remained undissolved ; after crystallisation from 
liglit petroleum, this melted* at 88°, and was prepared more eon- 
veniently by rubbing the sodium derivative with p-toluenesulpbonyf 
chloride and weak sodium, carbonate solution. After remaining 
twenty-four hours in the ice-chest, tho pasty mass, with the odour 
of phenylcarbylamine, had become brittle, and, when washed with 
sodium carbonate and dried in the desiccator, was dissolved in cold 
benzene, from which petroleum precipitated it in lustrous, colourless 
prisms melting with profound decomposition at 88°: 

0*5359 gave 24'6 c.c. N 2 at 24° and 758 mm. N5=5‘15. 

C u II 13 0 3 NS requires N = 5’09 per cent. 

The substance i9 highly unstable, even when purified, especially if 
kept in a [stoppered bottle, undergoing decomposition after forty- 
eight hours in daylight to a tarry mass which has the odour of benzo- 
nitrile ) a specimen on a watch-glass in a large desiccator protected 
from light, however, remained many months without alteration. 

On proceeding in the same way with benz-syw-aldoxime, the only 
product was benzonitrile, and on substituting /3-naphthalenesulphonyl 
chloride for the toluene derivative, there did not appear to be any 
action with either oxime. 

Royal College of Science, London. 

South Kensington, S.AY. 


XXVIII. — iso Quinoline Derivatives, Part IV, ortko- 
Dihydroxy-bases. The Conversion of l-Kcto- 
G : 7-dimcthoxy-2-alkyltetrahydrolsoqui7iolines into 
3 : 4-Dihydroxyphenylethylalkylamines. 

Bv Feank. Lee Pyman. 

In the preceding papers of this series (Trans., 1909, 95, 1266, 1610, 
1738) a number of 6 : 7'dimethoxyisoqumoline derivatives have been 
described. Some of these proved to be physiologically active 
substances, and it was thought likely that the corresponding 6 : 7-di- 
hydroxy-bases might be compounds of still more marked physiological 
action. 

In particular, it seemed possible that compounds of this type, suck, 
for instance, as 6 : 7-dihydroxy-2-mcthyl-3 : 4-dihydroisoquinolicium 
chloride (I), might produce a pressor effect similar to that caused by 
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' jg.3 : 4 -tribydroxyphenylethylmethylamine (II), the laevo-modifi cation of 
which is the active prinpiple'of f tho suprarenal gland, since they would 
^ in some respects jimilarly^constituted : 

..T*; cn 8 i * 

H °\/\^ NMeC1 ^°\/ 
o : h 

a.) (no 

With thid object in view, several diinathoxy/soquinoline derivatives 
have been converted by treatment with hydrochloric acid into the 
corresponding dihydroxy-bases, which were then submitted to 
physiological examination, but in no case where the tsoquinoline ring 
remained intact had the resulting dihydroxy-base any marked pressor 
properties. It was found, however, that the l-keto-6 : 7-dimethoxy- 
2-alkyltetrahydrowoquinolines, when treated with hydrochloric acid at 
a sufficiently high temperature, gave rise to bases of considerable pressor 
properties, in which the tsoquinoline ring was no longer preserved. 

Thus, when l-keto-6 : 7-dimethoxy-2-methyltetrahydroisoquinoline 
(III) is heated with hydrochloric acid under pressure for three hours ■ 
at 17S°, it is quantitatively converted into the hydrochloride of 
3: l-dihydvoxyptenykthylmethylanmie (VII). By working at tempera- 
tures lower than 175°, however, two immediate products, 7(or 6)- 
hydrozy-l-keta-Q(pr ty-rnethoxy-S-rnelhyltetrahydroi&oquinoUne (IV) and 
6:7- dihydroxy - 1 - keto - 2 - melhyltetrahydroi&oquinoline (V), may be 
isolated, and it is therefore evident that the mechanism of the change 
at 175° consists in the successive hydrolysis of the two methoxyl 
groups, followed by hydration of the lactam, forming the correspond- 
ing amino-acid (VI), and subsequent decomposition of the latter into 
carbon dioxide and the amine. The course of the reaction may 
therefore be represented by the following scheme : 


CH 2 

Mo(/VVh 2 

MeOl A jNMe 


CO 

(HI.) 


ch 2 

H°/y\°H 2 

UO 


ch 2 

Me(0/\/\cH 2 

H \Ol/\jNMe 

CO 

(IV.) 


— > 


Ho/NcH.-CH^NHMe 

ko^Jcoji 


(VI.) 


H0 1 ' /Nv :CH.,-CH 9 *NHMe 

H0l J - 



(V-) 
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It may be pointed out that the ring fission illustrated above i 8 
precisely similar to that occurring in j,he formation of S-aminovaleric 
acid from a-pi peri done (Schotteh, 7?er. ; Jl888, 31, 2242), whilst the 
loss of carbon dioxide from the resulting acid is a not uncommon 
property of liydroxybenzoic acids when under the influence of hy<b 0 . 
chloric acid at a high temperature. Proof of the presence of an 
imino-group in the final product is afforded by the fact that it yields 
a neutral triacetyl derivative, 

C g H 3 (CH 3 'C0 2 VCH 2 -CH 2 «NMe-C0‘0H 3 . 

It was found that on increasing the size of the alkyl group on tha 
nitrogen atom, the ring fission and subsequent elimination of carbon 
dioxide took place with greater difficulty ; thus, under the conditions 
(three hours at 175°) which sufficed to convert l-keto-6 : 7*dimethoxy-' 
2 -methyl tetrahydroisoquinoline almost completely into 3 : 4-dihydroxy, 
phecylethyimetbylamine, the ethyl and propyl homologues were only 
partly converted into the corresponding 3 : 4-dihydroxyphenylethyl- 
alkylamines, the former giving 30 per cent, and the latter 79 percent, 
of the theoretical yield of the corresponding 6 : 7-dihydroxy-l-keto- 
2-alkyltetrahydmsoquinoline. 

The similarity of structure between the 3 : 4-dihydroxyphenylethyl. 
alkylamines and /3-3 : 4-trihydroxy phenylethylmethylamine (YIII) is 
obvious ; 3 : 4-dihydroxyphenyIefchyImefchylanune (IX), in fact, differs 
only from this valuable drug in being devoid of the alcoholic hydroxyl 
group. 

Ho/\cH(OH)-CH 2 -NHMe Ho/^CH.-CH.-NHMe 

H °V • H0l J 

(VIII.) (IX.) 

The physiological action of this compound (and of ithe others 
mentioned iu this paper) has been examined by Dr. H. H. Dale of the 
Wellcome Physiological Research Laboratories, to whom the author is 
indebted for the following report : 

3 : 4-Dihydroxyphenylethylmethylamine has the characteristic 
suprarenal action in a high degree, being the nearest in action to the 
true active principle of any of the large series of related substances 
which Dr. Dale has now examined ; qualitatively there is little 
difference in the action of the two on organs innervated by sympathetic 
nerves. The characteristic rise of blood -pressure ; acceleration and 
augmentation of the heart’s action • contraction of the pregnant and 
inhibition of the non-pregnant uterus of the cat ; dilatation of the 
pupil ; secretion of saliva — all are produced. A 1 in 1000 solution 
produced marked and sustained pallor of the conjunctival mucous 
membrane when instilled into the eye. 

Quantitatively, by finding doses which produce rises of blood- 
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pressure to equal submaximal heights * Dr. Dale has found that 3 : 4- 
dihydroxyphenylethyImethyIamifie v ,has an activity approximately one* 
geventh of that of racemic fet'i'trihydroxyphenylethylmethylamine, 
or one-tenth of that of the naturally-occurring Isevo-modiB cation. 

The corresponding ethyl- and propyl-amines behave in a similar 
manner, hut to a less extent, the ethylamine having about one-third 
and the propylamine less than one-twentieth of the activity of the 
methylamine.f ; 

The valuable properties of 3 : 4-dihydroxyphenylethylmethylamine 
suggested the preparation of a trihydroxyphenyletbylmethylamme, 
and it was proposed to prepare such a compound by nitrating 1-keto- 
6 : 7'dimethoxy-2-methyltetrahydrowoquinoline, reducing the nitro- 
’cotnpound, substituting a hydroxyl for the amino group in the usual 
way, and decomposing the product with hydrochloric acid. This 
synthesis seemed a priori promising, since Freund (Ber. t 1837, 2D, 
2406 ) has described a nitro-oxyhydrastinine obtained by the action of 
warm dilute nitric acid on oxyhydrastinine. Unfortunately, the 
action of this reagent on l-keto-6 : 7-dimethoxy-2-methyltetrahydroi<fo- 
quinoline (X) consisted not only in nitration, but also in simultaneous 
oxidation, two atoms of hydrogen being removed with the formation 
of a bright yellow nitro-compound having the formula C 12 H, 2 0 6 N 2 . 
This proved to be 5 (or 8)-mfro-l-£efo-6 :7-dimelkoxy-2-methyl-\ :2- 
dihjdro\soquinoline t (XI or XII), for it was readily obtained by 
nitrating 6 : T-dimethoxy-.V-methylisoquinolone (XIII) (l-keto-6 : 7 


CH 2 ' NO, CH 

Mec/Y" \CH, Meo/V^CH 

Me0 \/\/ NMe MeOli^NMe 

DO CO 

(X) ^ (XI.) 

CH ^ CH 

Meo/V^CH MeO/^/^CH 

Me °\/\/ NMe Me °\/\/ NM6 

DO NO, CO 

(XIII.) (XII.) 


or 


* Tlic validity and limitations of this method of comparison will he shortly dis- 
cussed elsewhere in a paper by Barger and Dale. 

t The parent base, 3 : 4-dihydroxyphenylethylaraine, will shortly be described in 
u communication to tho Society by Barger ami Ewins (compare Trans., 1909, 95, 
footnote to p. 2194). 

t In view of this result, and since the preparation and properties of this nitro- 
compound and Freund’s “nitro-oxyhydrastinine” are precisely similar, it seems 
probable that the latter compound is in reality 5(or 8)-nitro-l-kcto-G : 7-methyl* 
endioxy- 2-methyl- ] : 2-dihydrompunoline. 



268 PYMAX: ISOQUINOLINE DERIVATIVES, PART IV. 


dimethoxy-2-me|hyI-l : 2-dihydroMoqujpoline*), a compound prepared 
by Decker and P schorr {Ber., 1904,. 3?; 3401) by the oxidation of 
#-methylisopapaverine. 

No further investigation of this compound was made, since l-keto-2- 
alkyl-1 ; 2-dihydrotsoquinolmes do not appear to become converted into 
phenylethylenealkylamines under the influence of acids at high tent 
peratures ; thus, l-kefco-2-methyl-l : 2-dihydm?oquinoline canbequanti- 
tatively recovered unchanged after heating with hydrochloric acid 
under pressure for two hours at 170°. 

Reference has already been made to the preparation of dihydroxy, 
bases containing the iaoquinoline ring j these are readily obtained in 
good yield by the action of hydrochloric acid at 175° on the corre- 
sponding dimethoxy-compounds ; 6 : 7-dihydroxy-2-methyUetmhydr<)~ 
iso quinoline (XtY) and 6 : 7-dihydroxy-2-rnelhyl-3 : i-dihydroh^ 
quinoUnhm chloride (XV) have no decided physiological action ; 


CH 0 



CH S 

(xrv.) 


ch 2 

h °AA,oh 2 

HOl A iNMeCl. 
\/\v 
OH 

(XV.) 


On the addition of sodium carbonate to a solution of the latter 
compound, the phenolbefaine of tho corresponding fsoquinolinium 
hydroxide is obtained. This compound has one of the two formulae 
(XVI) or (XVII), but no attempt has been made to determine 


OIL 

i-f/V, 
HO wf lc 

CH 
(XVI.) 




CH 2 



(XVII.) 


which of the two is correct, although for the purpose of further 
discussion the former has been arbitrarily adopted throughout this 
communication. 

This base exhibits the characteristic properties of phenolbetaines 
(compare Decker and Duuant, Annalen, 1908, 358. 296), amongst 
others that of forming the iodide of the corresponding methoxy- 
compound, 7(or 6)%droau/-6(or ’jymethoxy-Z-meihyl-Z : i-dihydroi&o- 
quinolinum iodide (XVIII), when heated with methyl iodide. At 
the same time, a compound (XIX) of the latter with one molecule 
of the phenolbetaine is found in accordance with the following 
scheme : 
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ch 2 ■ . .. cn 2 

H0 \ /\/ NMb & ; *^°\/\^ NMo1 -* 

CH I , / cil 


(XVIII.) 

ch| 


(XU) 

ch 2 

Ho/y^CH, 

HOyj^^NMe- 

CH 


Meo/N/NcH, 


(XIX). 


CH 


This compound may be crystallised unchanged, and can be converted 
into the chloride by means oF silver chloride, and crystallised as 
such without breaking down, but is readily decomposed by hydr- 
iodic acid, the compounds from which it was formed being repro- 
duced. Mixed external phenolbetaines of this type do not appear to 
have been previously observed, but simple external phenolbetaines of 
the type HO‘RiN~CHR!NI have been obtained by Griess (Ber, f 1880, 
13, 246) and by Claus and Howitz (/. pr . Chem 1890, [ii], 42, 222) 
and'their collaborators by the action of ammonia on substituted ammo- 
nium iodides of the type HORiNI ; a simple external phenolbetaine 
(XX) of this type can be similarly obtained from 7(or 6)-hydroxy-6(or 7)- 
methoxy-2-methyl-3 : 4-dihydroisoqumolinium chloride (XVIII). 


CH, 

MeO.y/NcH, 

iro^yyMe- 

CH 


CH 2 

Meo/N/NCH, 


(XX.) 


-Oi^^^NMeCr 

OH 


Experimental. 

l-Aeio-6 : 7 •dimetlioxy-2-methyltetrahydroimquinolim. 

By the method of preparation of this compound by simultaneous 
oxidation and reduction of 4 : 5-dimethoxy-2-/3-methylaminoethylbenz- 
aldehyde (Trans., 1909, 95, 1272), only one-half of the original 
material is transformed into the above substance. however, 

be prepared in almost theoretical yield from the same material by 
the method devised by Freund ( Ber. t 1889, 22, 457) for the conver- 
sion of hydrastinine into oxyhydrastinine, namely, by oxidation by 
permanganate in the presence of alkali. 

Two grams of 6 : 7-dimethoxy-2-methyl-3 : 4-dihydrotsoquinolinium 
chloride were dissolved in 180 c.c. of water, rendered alkaline by the 
addition of 20 c.c. of 10 per cent, aqueous sodium hydroxide, and 
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mixed With a solution o! 0-8 gram (a slight excess) of potassiun 
permanganate in *0 c.c, of water. After one hottivthe solution 
was filtered from manganese dioxide, neutralised with dilute sulphuric 
acid, evaporated to low bulk, and extracted With ether. After 
evaporation Of the solvent, 1-4 grams of pure 1 -keto-6 : 7-d.methor,- 
2 -methyltetrahydroisoquinoline were obtained, that is, 96 per cent. 


of the theoretical. . . ■ 

To the description of this compound previously given (too. of.), the 
following tray be added. It can be distilled under diminished 
pressure without decomposition, and passes over as a nearly colourless 
oil, which solidifies on cooling, at 244°(corr.)/16 mm. 

It is easily soluble in water, but, on agitating a strong aqueous 
solution, an unstable hydrate separates as a mass of silky needles, 
which are sparingly soluble in water. When this hydrate is collected 
and dried for half an hour ou porous porcelain, it melts indefinitely at 
40-70°, but on exposure to air for twelve hours becomes anhydrous, 
has the melting point 126° (corr.) of the anhydrous base, and is, as 
before, easily soluble in water. 


5-(or S)-i?Uro-l-kelo 5 :1 -dimethoxy-2-methyl l ■.%dihydrohoquindine 

(XforXII.p. 267). 

Ten grams of 1 -keto-6 : 74 imethoxy- 2 -methyltetrahydroisoquinoIine 
were dissolved in a solution of 10 grams of concentrated, nitric acid m 
30 c.c. of water and heated on the water-bath. The liquor quickly 
became brown, and then effervesced vigorously with evolution of brown 
fumes whilst a quantity of yellow needles continuously separated out 
After a few minutes, the liquor was cooled, filtered from the sepaiated 
crystals, and again heated, this time over a free Same, when a further 
quantity of crystals were obtained ; these operations wero again 
repeated after the addition of another 5 c.c. of concentrated nitric 
acid, until no further quantity of the crystalline compound could be 
obtained. The total yield amounted to 6'4 grams. 

5 (or 8)Wifro-6 ■.Viimtthoxy-’l-mdhyl-X;. 2 -dihydrohoqmnohne crystal- 
lises from glacial acetic acid in fine bright, canary-yellow needles, 
which begin to soften at about 240° and melt at 244-246° (corr). It 
is easily soluble in chloroform, fairly easily so in boiling glacial acetic 
acid or xylene, but almost insoluble in water or the other usual organic 
solvents: 


0T521 gave 0-3032 C0 2 and 0-0641 H 4 0. 0 = 54-4 ; H-4-7. 

Ci 3 H 12 O s N 2 requires C= 54-6 ; 11= 4-6 per cent. 

Like Freund’s “ nitro-oxyhydrastinine ” (loo. cil.), it is insoluble in 
dilute acids or weak alkalis, but dissolves iu warm aqueous sodium 
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hydroxide, and is reprecipitated in a gelatinous form on the addition 
of dilute acids. . ^ ? : f • 

The same nitro-compound is readily obtained by warming 1 gram of 
pketo-6 : 7-dimet.hoxy-2-methyl-l : 2-dihydroMoquinoline with a mix- 
ture of 1 c.c. of concentrated nitric acid and 3 c*c, of ' water j the 
identity of the product of this reaction with that described above 
follows from the fact ^hat the two products and a mixture of both melt 
at the same temperature. 


7(or §)-Hydroxy-\-keto-§{pt 7)-methoxy-2-methylieirahydroiso- 
quinoline (IV, p. 265), 

Five grams of l-keto-6 : 7-dimethoxy-2-methyltetrahydro^oquinoline 
and 30 c.c. of concentrated hydrochloric acid were heated together 
under pressure for two hours at 130 — 135°. The product consisted of 
a pale brown liquor containing a mass of cream-coloured needles, which 
formed the hydrochloride of the new base. The solid matter was 
collected, dissolved in a little hot water, and, after some time, 3*2 
grams of the base separated in spear-like crystals, which melted at 
200—208°, but contained some quantity of the dihydroxy-base, since 
they gave a green coloration with aqueous ferric chloride. 

After recrystallisation from absolute alcohol, 7(or 6)-hydroxy-l- 
keto-6(or 7)-methoxy-2-methyltetrahydroisoquinoline forms colourless, 
glistening, diamond-shaped plates, which soften from 200°, melt at 210° 
(corr.), and give no coloration with aqueous ferric chloride : 

0*1529 gave 0-3562 CO g and 0 0864 H 2 0. C = 63*5 ; H = 6*3. 

0-1555 ,, 0-3635 C0 2 „ 0-0880 h“o. C = 63-8; H = 6*3. 

C n H l8 O s N requires C — 63*8 ; II = 6*3 per cent. 

This compound is* very sparingly soluble in cold water, sparingly so 
in hot water or cold alcohol, readily so in hot alcohol, and sparingly 
or very sparingly so in the other usual organic solvents. It is in- 
soluble in dilute acids, but soluble in aqueous sodium carbonate or 
ammonia, and dissolves readily in aqueous sodium hydroxide, forming a 
sodium salt which may he obtained as a crystalline mass by evaporating 
the solution to a very small bulk in a vacuum over sulphuric acid ; 
this salt is very easily soluble in water or alcohol. 

G : 7- Dihydroxy ~l~ketO'2-melhyltetrahy dr oi&oquinoline (V, p. 265). 

Ten grams of l-keto-6 : 7-dimetkoxy-2-methyltetrahydro^oqmnoline 
and 60 c.c. of concentrated hydrochloric acid were heated together 
underpressure for three hours at 145—150°. The product consisted 
of a pale brown liquor containing pale brown needles ; the latter were 
collected and digested successively with warm water and a little 
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boiling alcohol. The residue amounted to 3 ’4 grams of nearly pu re 
di hydroxy -compound, and the alcohol deposited further small quantities 
of this compound. 6 ;7-Dihydroxy-l-keto-2-met)ayltetrahydroisoq i ]i a . 
olino crystallises from absolute alcohol in beautiful colourless grains 
which show a large number of sharply cut faces. It begins to sinter 
at about 250°, and melts at 279° (corr.) : 

0-1504 gave 0*3400 C0 2 and 0-0788 H 2 0. C = 61*7 ; H =5-9. 
0-1555 10*2 c.c. N 2 at 25° and 768 mm. N-7-4. 

QJSnOfl requires 0=62-1 ; H = 5‘8; N = 7*3 per cent. 

This compound is sparingly soluble in boiling water or alcohol, and 
almost insoluble in these solvents when cold. It is insoluble in dilute 
acids, but easily soluble in aqueous ammonia, sodium carbonate, or 
sodium hydroxide, forming yellow solutions which gradually darken 
on exposure to air. Aqueous suspensions of this substance give, with 
ferric chloride solution, a faint green coloration, which gradually 
develops to deep green as the substance dissolves. 

3 : i-Dikydroxyphenylethylmethylamine (YII, p. 265). 

* Ten grams of l-keto-6 7-dimethoxy-2-methyltetrahydrowqmnolii]e 
and 60 c.c. of concentrated hydrochloric acid were heated together 
under pressure for three hours at 170 — 175°.* The acid was then 
removed by distillation under diminished pressure, and the resulting 
slate-grey crystals of 3 ; 4-dihydroxyphenylethylmethylamme hydro- 
chloride were washed with acetone. The yield amounted to 8‘5 grams, 
that is, 92 per cent, of the theoretical, and the crude product was 
purified by crystallisation from water containing sulphurous acid. 

3 : i-DiltydrorypJienyUthyhmtbjlamine is liberated in a crystalline 
form on the addition of ammonia to an aqueous solution of the hydrin 
chloride. It crystallises from absolute alcohol in colourless clusters of 
transparent spikes, which melt at 188 — 189° (corr.). It is sparingly 
soluble in cold water, more easily so in hot water, sparingly so in 
boiling alcohol, and very sparingly bo in cold alcohol and the usual 
organic solvents ; 

0-1524 gave 0-3611 C0 2 and 0*1090 H 2 0. C = 64*6; H = 8’0. 
0*1567 „ 11*0 c.c. N 2 at 17° and 778 mm. N- 8*3. 

C 9 H 18 0 3 N requires C = 64- 6 ; H = 79 ; N = 8’4 per cent. 

Aqueous solutions of the salts of this base give with ferric chloride 
solution a deep emerald-green coloration, which becomes orange-brown 
on the addition of aqueous sodium carbonate ; such solutions reduce 
warm aqueous silver nitrate and boiling Fehling’s solution ; they give 
no precipitate with aqueous picric acid. 

* On opening the tube, a large volume of gases containing a quantity of carton 
dioxide escaped. 
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The hydrochloride crystallises fmm lyater in long, colourless prisms, 
which melt at ^79—^80° i| s jit if^hydrous, and is easily 

S0 1 a bj^ W' water alcohol/ hut somewhat sparingly so in cold 

alcohol : * 

0-1505 gave 0*2944 C0 2 and 0*0939 H. 2 0. C - 53*# H * 7*0. 

0 1843 „ 0*1281 AgCl. Cl = 17*2. 

C 9 H 13 0 2 N,HC1 requires C = 53*1 ; H = 6*9 ; Cl = 17*4 per cent. 

The sulphate crystallises from water in colourless, transparent prisms* 
which melt to a brown liquid at 289 — 290° (corr.), after commencing 
to soften and turn brown several degrees ’earlier. This salt is 
^hydrous, and is somewhat sparingly soluble in cold water : 

0*1524 gave 0*2779 C0 2 and 0*0905 H 2 0. C = 49*7 ; H = 6*6. 

(C 9 H lg 0 2 N) 2 ,H 2 S0 4 requires C = 50*0; H = 6*5 per cent. 

The oxalate separates from water in colourless, hexagonal plates* 
which melt at 194 — 195° (corr,). This salt is anhydrous, and is 
sparingly soluble in- cold water : 

0*1524 gave 0*3168 CO, and 0*0938 H 2 0. C = 56*7 ; 11 = 6*9. 

(C 9 H 13 0 2 N) 2 ,C 2 H 2 0 4 requires 0 = 56*6 ; H = 6*7 per cent. 

3 : i-DMcetoxy-N-acetylphenylethylmthylanime, 
(CH s ‘C0 2 ) 2 C c H 3 * CH 2 ‘ CH 2 ‘N Me*CO* CH 3 . 

Two grams of 3 ; 4-dihydroxypheuylethylmetbylamine hydrochloride, 

5 grams of fused sodium acetate, and 20 c.c. of acetic anhydride weret 
boiled for half an hour under a reflux condenser. The product wail 
stirred into 100 c.c. of water, the resulting clear solution rendered 
alkaline with sodium carbonate, and extracted with ether, On dis- 
tilling the ether to low bulk, and setting aside, 2*1 grams of the pure 
compound crystallised out, and a further small quantity was obtained" 
from the mother liquor. 

3 ; 4 -Diacetoxy-TS-aMtylphenylethylmethylamine crystallises from abso* 
lute alcohol in shimmering, hexagonal, monoclinic plates, which soften 
at 111 0 and melt at 113 — 114° (corr,). It is very sparingly soluble 
in water or dilute acids, but dissolves slowly in dilute aqueous 
ammonia or sodium hydroxide, giving respectively grgenish-yellow and 
strawberry* red solutions. It is sparingly soluble in cold alcohol or 
ether : 

0*1728 gave 0*3895 C0 2 and 0*1006 H 2 0. C = 61*5; H = 6*5. 

0*1522 „ 6*1 c.c. N 2 at 21° and 775 mm. N = 4*7. 

Ci 5 H 19 0 6 N requires C = 61‘4; 11 = 6*5; N= 4*8 per cent. 


VOL, XCVlI. 


T 
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Action of Hydrochloric Acid at 175° on l-Keto-ft : 7 -dimetkoxy Methyl 
tetrahydroisoquinoline. 

Four and a-half grams of l-keto-6 : 7-dimethoxy-2-etbyltetrahyd ro . 
taoquiDoline and 30 c.c, of concentrated hydrochloric ac:d were heated 
together under pressure for three hours at 175°. The resulting clear 
1 brown liquor was evaporated to dryness under diminished pressure 
and dissolved in 15 c.c. of water, when 0*8 gram of 6 : 7-dihydroxy-h 
keto-2-ethyltetrahydrotsoquinoUne separated in pale brown crystals • 
after removing these, the process was repeated, when a further 
quantity of 0-4 gram of the same product was obtained. The mother 
liquor gave on evaporation 3 : 4-dihydroxy phenylethylethylamine 
hydrochloride, of which 1*5 grams were obtained in a pure form by 
crystallisation from water. 

6 : T’Dihydroxy-l-Jceto-^-eihyltdrahydroisoquinolinc, 

ch 2 

h< y / YY h * 

H °\/\/ Et 

CO 

This compound crystallises from absolute alcohol in beautifully 
crystalline rods, which begin to sinter at about 200°, and melt at 
214 — 215 ° (corr.). Its chemical properties and solubilities are 
similar to those of the methyl homologue, with the exception of its 
solubility in absolute alcohol, which is greater : 

0-1524 gave 0-3573 C0 2 and 0 0866 H 2 0. C = 63-9 ; H = 6’4. 

CjiHjjjOgN' requires C=63’8 ; II = 6*3 per cent. 


3 : i-Dihydroxyphenyhthylethylamine, 

lio/^ 

HOI 


The hydrochloride crystallises from water in prismatic needles, 
which melt at 177—178° (corr.). Its chemical properties and solu- 
bilities are similar to those of the methyl homologue, except that its 
aqueous solution does not yield a precipitate of the corresponding Use 
on the addition of ammonia : 

0-1519 gave 0 3057 CO s and 01024 H 2 0. 0 = 55*0; H = 7*6. 

0-1819 „ 0-1239 AgCl. 01=16-8. 

CioH 15 ° 2 N,HC1 requires C = 55-1 ; H=7*4; 01 = 16-3 per cent, 
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Action Hydrochloric Add at 175° on l-jTeto-6 : l-dimelhoxy-2-jyropyl- 
- iotrakydroisoquinolhie. 

Two grams of l-keto-6 : 7-dimethoxy*2-propyltetrahydrot«oqui noline 
and 15 c.c. of concentrated hydrochloric acid, heated together under 
pressure for three hours at 175°, and worked up as in the preceding 
case, gave 1 ‘4 grains of 6 : 7-dihydroxy-l-keto-2-propyltetrabydroi*o- 
0 4 gram of 3 ; 4-dihydroxyphenylethylpropylamine 


quinoline and 
hydrochloride. 


6 : ’l-Dikydroxy-\-ketQ-'2-propyltetrahydrohoquinolim, 

ch 2 

H0/\f /Xs |CH 2 

HOI 1 


CO 


This compound separates from absolute alcohol in oblong, rect- 
angular plates, which melt at 184 — 185° (corr.). Its chemical pro- 
perties and solubilities are similar to those of the ethyl honuoiogue : 
01548 gave 0-3677 C0 2 and 0*0959 H 2 0. 0*64-8; H-6‘9. 
0 12 Hj & 0 3 N requires C = 65*l ; H = 6‘9 per cent. 


3 : A-Dihydroxyphenylethylpropylamine, 


HOf 

HOl 


|CH 2 *CE 2 -NHPr 


The hydrochloride crystallises from water in clusters of transparent, 
irregular prisms, which melt at 184 — 185° (corr.). Its chemical 
properties and solubilities are similar to those of the ethyl homo 
logue : 

0-1540 gave 0-3200 C0 2 and 0*1091 H 2 0. C-56'7; H = 7'9. 

C n II 17 0 2 N,HCl requires C = 57'0 ; H = 7’9 per cent. 


0 : 7-Dihydroxy-2 methylletrahydro\soquinoline (X1Y, p. 268). 

Plight and a-half grams of 6 : 7-dimethoxy -2-methyl tetrahydrotso- 
quinoline hydrochloride (containing 3 molecules of water of crystal- 
lisation) and 30 c.c. of concentrated hydrochloric acid were heated in 
a sealed tube for five hours at 170°. On cooling, 4*7 grams of 
6 :7-dihydroxy-2-niethyltetrahydroisoquinoline hydrochloride separated 
* n g^y needles, that is, 76 per cent, of the theoretical. 

| 6 : 7 - Oihydroxy-2-mcthyltetrahydrolsoquinoline separates on the 

t Edition of sodium carbonate to an aqueous solution of the hydro- 
hloride. It crystallises from water in nearly colourless (pale huff) 

T 2 
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needles, which melt at «t 

water of crystallisation. It is very sparingly inMPH «• 
usual organic solvers. , 

Aqueous solutions of its salts give with feme chloride a deep green 
coloration, which becomes mauve on the addition of sodium carbonate. 
They reduce hot silver nitrate and also boiling Fehling’s solution : 

• 0-1833 * lost 0-0172 at 100°. H 2 0 = !H. " 

0-1500 1 gave 0-3693 C0 3 and 0-0987 H 2 0. C-.67T ; E - 7-4. 
0 1 «Hi,OjE ) HjO requires H 2 0 = 9'l per cent. 

C 10 H, s O 2 N requires 0 = 67-0 ; H-7 S per cent. 

The hydrochloride crystallises from water in colourless needles, which 
are anhydrous and melt at 277° (oorr.). It is fairly easily soluble in 
water, but sparingly so in alcohol : 

0-1522 gave 0 3093 C0 2 and 0 0937 E 2 0. C = 55-4; H = 6'9. 

0*1721 „ 0*1144 AgCl. 01 = 16*4. 

C 10 H is O 2 N,HC1 requires C = 55'7 ; H = 6-6 ; 01 = 16-4 per cent. 

The pier ate crystalhsesfrom alcohol in transparent, yellow, monoclinic 
hexagonal) plates, which melt at 191 192° (corr.). 

Phmolbetaine of 6 : 7--Mydro*y-2-me%f-3 -.4 .dihydrohoqumolinmm 
Hydroxide (XVI or XVII, p. 268). 

Ten grams of 6 : 7-dimethoxy-2-methyl-3 : 4-dihydro«oquinolininm 
chloride and 60 c.c. of concentrated hydrochloric acid were hostel 
together onder pressure for four hours at 170“ The product m 
evaporated to dryness under diminished pressure, and the crystallise 
residue well washed with acetone. 6-5 Grams of nearly purs 
anhydrous 6 :7-dihydroxy-2-metbyl-3 i 4-dihydrcisoqu.nolm.um chlonfc 

were obtained, the yield thus amounting to 93 per cent, of the 

^The phenolbetaine of 6 :1 -dihydroxy-H-metkyl-i -.i-dihydroiwqm- 
Into. hydroxide separates in long, deep yellow needles containing on , 
and a-quarter molecular proportions of water of crystallisation o 
addition of the calculated quantity of aqueous sodium hydroxide, 
excess of sodium carbonate to a strong solution of its chloride. 
0 - 1816 * lost 0-0201 at 100°. H,0=11T. 

C 10 E u O 2 N,l|H 2 O requires H a O= 11-3 per cent. 

After recrystallisation from moist alcohol it forms deep yeUov, 

monoclinic plates, which melt to a reddish-black liquid, decompose a 

222° (con-.), and contain 1 molecule of water of crystallisation: 
0-1543* gave 0-2667 C0 2 and 0-0746 HgO. C = 61'5; H-7' ■ 

* Air-dried. t Med »* 
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01 380* give 0-3096 COj and j^83B HjO. C*=612; H = 6 '8. 

requires C j= 61 *5 6*8 per cent. 

0-1388 1 gave 0-3t48'CO s and 0 0795 H 3 0. ; 0=67-7 ; H = 6 4. 

C 10 K n O 2 N requires C = 67*8 ; H = 6*3 per cent. 

The phenolbetaine crystallises from absolute alcohol in anhydrous, 
yellowish-brown, serrated spikes, which have the same melting point as 
the hydrated base, is moderately easily soluble in cold water, not more 
so in aqueous sodium carbonate or ammonia, but readily in dilute 
acids or aqueous sodium hydroxide. It is rather sparingly soluble in 
cold alcohol or chloroform, and very sparingly so in the other usual 
organic solvents. Aqueous solutions of its salts give with aqueous 
ferric chloride a deep green coloration, and on the subsequent addition 
of sodium carbonate yield a pale reddish-brown suspension, the super- 
natant liquor appearing a dull yellow after the settlement of the ferric 
hydroxide. Aqueous solutions of the salts of this base reduce hot- 
silver nitrate, but do not reduce FehliDg’s solution even on boiling. 

The chloride crystallises from moist acetone in primrose needles,) 
which contain one and a-half molecular proportions of water of 
crystallisation. After drying at 100°, this salt melts and decomposes, 
at 276°, (corr.). It is easily soluble in water, but sparingly so in 
alcohol : 

0*4060, air-dried salt, lost 0*0437 at 100°. H 2 O = 10*8. 

C 10 Hi 2 O 2 NO1,1JH 2 O requires H 2 0 = ll*2 per cent, 

0*1468 1 gave 0*3019 GO, and 0 0743 H 2 0. C = 56*l ; H = 5*7. 
0*1593 1 „ 0*1081 AgCl CU16*8. 

C w HuO a KCl requires C = 56*2 ; H = 5*7 ; 01 — 16*6 per cent. 

The picrate crystallises from alcohol in yellow, transparent, irregular 
plates, which melt and decompose at 236° (corr.). 

The sodium, salt separates in clusters of beautiful crimson needles on 
the addition of alcohol to a solution of the phenolbetaine in the 
calculated quantity of 2A-aqueous sodium hydroxide. It is easily 
soluble in water or alcohol. This salt contains 6 molecules of water 
of crystallisation, of which five are lost after prolonged heating 
at 120°: 

0*2530 * gave 0*0562 Na 2 SC 4 . Na - 7*2. 

0*2541 * lost 0*0763 at 120°. H 2 0 = 30*0. 

^ioHi ft 0 2 NNa,6H,0 requires Na = 7*5 ] loss of 5H 2 0 = 29*3 per cent, 

Action of Methyl Iodide on the Phenolbetaine of 6 : 7-Dihydroxy-'2-methyl- 
3 : A-dihydro\soquinolinium Hydroxide. 

Eight grams of the phenolbetaine, which had been dried for some 
dme at 100°, were heated together with 16 grams oF methyl iodide for 
* Air-dried. t Dried at 100°, 
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three hours at 100°. The crystalline product obtained was separated 
by fractional crystallisation from absolute alcohol into : 

(1) 7*2 grams of 7(or &)-hydroxy-§(or 7)-methoacy-%-m6thyl~Z . ^ 
dihydro\Boqv,inolimum iodide, melting at 213° (corr.). 

(2) 2*0 grams of 6(or T)-methoxy -7 (or 6)-[6 : *1 ~dihydroxy-%-mfithyl. 
3 : i-dihydro\&oquinoliniumoxy]-2^mthyl '$ : i-hydroi&oquinolinium iodidt 
melting at 181 — 182° (corr.), and 

(3) a small quantity of a brown, gummy residue. 

In a second experiment, in which the phenolbetaine was not 
previously dried at 100°, a larger proportion of the latter compound 
was obtained, 11 grams of hydrated phenolbetaine and 25 grams of 
methyl iodide yielding 4*4 grams of the first-mentioned iodide and 
5*1 grams of the latter, besides an oily residue which was neglected. 


7(or §)-JIydroxy~Q(Qr 1)'methoxy-'2-metkyl-3 : &-dihydro‘\soquinolinimi 
Salts (XVIII, p. 269). 

The iodide crystallises from alcohol in fine long, golden needles, 
which melt and decompose at 218° (corr,). It is anhydrous, and is 
sparingly soluble in water or alcohol : 

0*1536 gave 0*2336 C0 2 and 0*0611 II 2 0. 0 = 41*5; H = 4*5. 

0 1876 „ 0*1370 Agl. 1 = 39*5, 

0*3046 „ by ZeiseVs method 0*2098 Agl. OMe = 9*l. 
C 11 H 14 0 2 XI requires C — 41 *4 ; FC = 4*4 ; I = 39*8 ; OMe — 9*7 per cent. 

The chloride was obtained from the iodide by double decomposition 
with silver chloride. It crystallises from aqueous acetone in yellow 
needles, which contain one molecule of water of crystallisation, and 
effervesce at 155° (corr.), after sintering from about 140° ; after 
drying at 100°, it decomposes at 198° (corr.). It is easily soluble in 
water or hot alcohol, and its aqueous solution gives no coloration with 
ferric chloride solution : 

0*2011 * lost 0*0146 at 100°. 11*0 = 7*3. 

C^Hj^XCljHgO requires H 2 0= 7*3 per cent. 

0*1400 1 gave 0*2970 C0 2 and 0*0815 H 2 0. 0 = 57*9; H=6*5. 

0*1818 f „ 0*1134 AgCl. Cl=15*4 
C u H u 0 2 NC1 requires 0 = 58*0 ; H = 6*2 ; 01 = 15*6 per cent. 

On dissolving this salt in warm concentrated aqueous ammonia, a 
deep red solution is obtained, which deposits, on cooling, orange crystals 
of the chloride of the external phenolbetaine, namely, 6(or 7)-i/i ethmj- 
7(or 6}-[7{or §)-hydroxy-&{or 7)-methoxy-2-'metkyl-$ : 4-dtA^dmsoguMW* 
lmmm.oxy]-2-methyl-i$ : l-dikydroi&oquinolinium chloride (XX, p. 269). 

After recrystallisation from absolute alcohol, this salt forms bright 

t. Dried at 100 g , 


Air-dried. 
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oraDge prisms, which contain 3£H a O and melt and decompose at 135° 
( C orr.). It is easily soluble in water, but sparingly so in cold absolute 
alcohol ; it contains chlorine. On heating this salt at 100°, it first 
becomes crimson, and then melts to a deep red gum which retains 
about 1 per cent, of water of crystallisation : 

0*1413 * gave 0*2831 C0 2 and 0*0933 H 2 0. C = 54*6 ; H = 7*3. 
0-1193 * lost 0*0146 at 100°. H 2 0 = 12*2. 

C M H !7 0 4 lI 3 Ci,3§H 2 0 squires 0 = 54*8 ; H = 7*l ; H 2 0 = 13*l per cent. 
0*1047 t gave 0*2397 CO s and 0*0624 H a O. 0 = 62*4; H = 6*6. 
C 22 lEr a7 0 4 N 3 Cl requires C = 63*1 ; H = 6*5 per cent. 


6(or lyMethoxy-l (or 6)-[6 : 7-dihydroxy-2-methyl-Z : i-dihydroisoquino- 
Uniurnoxy]'2~Wi6tkyl - 3 : k-dikydrolsoquinoliniuni Sails (XIX, p. 269). 

The iodide crystallises from, absolute alcohol in hard, orange grains, 
which melt and decompose at 181 — 182° (corr.). It is anhydrous and 
easily soluble in water, but sparingly so in cold alcohol. Its aqueous 
solution gives a deep green coloration with ferric chloride solution-; 

0 1524 gave 0*2826 C0 2 and 0*0713 H 2 0. C = 50*6 ; H = 5*2. 

0*1867 „ 0 0896 Agl. 1 = 25*9. 

C 2l H 2 -0 4 N 2 l requires C = 50*8; H = 51 ; 1 = 25*6 per cent. - 

On adding a molecular proportion of hydriodic acid to the deep 
orange aqueous solution of 2 grams of this salt, a pale yellow solution 
was obtained. On evaporating this to low bulk and adding absolute 
alcohol, 0*9 gram of 7(or 6)-bydroxy-6(or 7)-methoxy-2-methyl-3 ; 4- 
dihydrowoquinolinium iodide separated; after recrystallisation, this 
melted at 2 18° (corr.), both alone and when mixed with the pure salt, and 
gave no coloration with aqueous ferric chloride. On then adding 
ammonia to the mother liquor, a small quantity of the phenol betaine 
of 6 : 7-dihydroxy-2-methyl-3 ; 4-dihydrowoquinolinium. hydroxide 
separated ; after recrystallisation from alcohol, this compound melted 
at 222° (corr.), and its melting point suffered no depression when the 
compound was mixed with the pure phenolbetaine. 

The chloride was prepared from the iodide by double decomposition 
with silver chloride. It crystallises from absolute alcohol in deep 
yellow, glistening prisms, which melt at 186 — 187° (corr.), and contain 
one molecule of water of crystallisation : 

0*3360 * lost 0*0169 at 100°. H 2 O = 5*0. 

C 21 H ?5 0 4 N 2 C1 , H s O requires H 2 0 = 4*3 per cent, 

0*1416 f gave 0*3251 C0 2 and 0*0810 H 2 0. C = 62*6 ; H = 6*4. 

C 2 iH 25 0 4 N 2 C1 requires 0 = 62*3 ; H = 6*2 per cent. 

* Ah-dried. 


t Dried at 100°, 
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PUMn, of 6 : 

ffydrozid*> 

OH, 


H fOf Y 

JoL 

I OH I 


;CH 2 

Et 


The preparation and properties of this compounded its Balts are 

4-JiM rjjaiaa 

C u H 1s 0 2 N requires 0 = 69-1 ; H = 6'9 per cent. 

The chloride crystallises from water in fine yellow needles whet 

melt at 104° (corr). and contain 2 molecule of ^ 

Affer drying at 100°, this salt melts and decomposes at 201-202 

(corr.) : 

0*2170* lost 0*0300 at 100°. H 2 0 = 13‘8. 

f H 0 NCI 2H,0 requires H a O = 13 7 per cent. 

0-1517 S‘S C0 2 Jo-0845 H,0. C-58-0 ; H-«V 

0*1475 1 0*0943 AgCl. Cl -15*8. 

C n H 14 0 2 NCl requires C = 58-0 ; H = 6 2 ; Cl = 15 6 per cent. 

The piorate crystallises from alcohol in clusters of golden, spear-hk 8 
needles, which melt and decompose at 191° (corr.). 

The Wellcome Chemical Works 
ti i n-runRTi Kent. 


XXIX.-r/t e Absorption Spectra of Naphthalew ard 

of Tetrameth-ylnaphthalene. 

By Annie Homer and John Edward Purvis. 

^ ttr^uon 

(Homer and Purvis, Trans., 1908, 93, Ul»), we 
absorption spectrum of a substance having the empirical to 
C 4 H ]6 From chemical considerations it had been suggested «W 

iir.dried. 



naphthalene and of tetramethylnaphthalene. 281 

this hydrooarbpn was -an aikyiyprobably a tetramethyl, derivative of 
naphthalen^raiid it was^thouglSit that a comparison of the absorption 
spectrum of this hydrocarbon with that of naphthalene would furnish 
additional evidence^ to its constitution. '-"-v-*: . 

Hartley, in his* earlier work (Trans., 1881, 29, 153), showe^that 
the absorption spectrum of naphthalene was characterised bjrfour 
bands in the ultraviolet region of the spectrum. In- a later paper, 
Hartley (Trans., 1885, 47, 685) showed that there were four bands,? 
the positions of which differed from those of the earlier observations. 
The method employed by Hartley differed from that used by us, and 
described in the previous paper ( loe . ci*.). For purposes of comparison 
it was necessary for us to study the ^absorption spectrum of naphtha- 
lene under the same experimental conditions as those employed in the 
gtudy of the hydrocarbons under investigation. Our results showed 4 
that for Nj 1000-solutions in alcohol, the absorption curve for 
naphthalene, as observed by Hartley in his first paper, showed four 
characteristic bands. The mean oscillation frequencies of these}:- 
bands did not coincide with those given by Hartley, but we did nofefe 
comment on the discrepancies at the time of our previous work.; 
The curve for N( 1000-solutions of the hydrocarbon C 14 H 16 also 
showed four bands, similar in character to the naphthalene bands, 
although less persistent and further shifted towards the red end of 
the spectrum (Fig. 1). 

The mean oscillation frequencies of the bands were : 


For naphthalene, Hartley, first paper 

3508 

3690 

3840 

3921 

,, „ second paper ... 

„ Homer and Purvis (not 

3211 

3273 

3369 

3849 

previously published).. 

3500 

3620 

3765 

3900 

For C 14 H 16 , Homer and Purvis 

3434 

3562 

3680 

3776 


From these results we concluded that the substance C 14 H 16 was 
probably tetramethylnaphthalene, as had been previously suggested 
(Homer, Trans., 1907, 91, 1103), 

Since the publication of these results, Baly and Tuck (Trans,, 
1908, 93, 1902), in their work on the absorption spectra of aromatic 
hydrocarbons, jhave shown that for naphthalene there are three character- 
istic bands having mean oscillation frequencies : 1/A = 3125, 1/A= 3220, 
and 1 /A =3700. The bands 1/A 3125 and 1/A 3220 only appear 
ia strong solutions or in proportionately greater thicknesses of dilute 
solutions. The band 1/A 3700 is a broad band, and corresponds with 
the four bands observed by Hartley in his first paper (Trans., 1881, 
39, 153) and also by us. 

After reading Baly and Tuck's paper, it seemed necessary for us to 
re-examine the absorption spectrum of the hydrocarbon C u H l# . For 
if, as we bad previously surmised, the hydrocarbon C h H 16 is a tetra- 
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the absorption spectra of 


, v i derivative of naphthalene, there should be indications of lu„ us 
corresponding with the naphthalene bands, 1/13125 and 1/X 3220, 
observed by Baly and Tuck. The absence of such bands would, accord- 
t to ibi observers, point to a difference between the eonstrtutioa 
of naphthalene and of the hydrocarbon C 14 H 16 . 

At the time of our previous experiments we had only suflment of 
the hvdrocarbon with which to make a tf/1000-solution. This strength 
1 compared with a similar A/ 1000 -solution of naphthalene. These 
, .. „„ v . the four bands already described, and corresponding 

with' the broad band, i/X 3700, of Baly and Tuck. Since then the 

Fig. 1. 


Oscillation frequencies. 



hydrocarbon has been made in larger quantity, and we hare been abl< 
to compare its ^/10-solution with a similar solution of naphthalene 
The results have been plotted in tbe accompanying curves (Fig. 2). 

•It will be seen from a glance at the curves, that for iV/1 (^solution 
of naphthalene there are two hands similar to those obtained by 
Baly and Tuck. The curve for the hydrocarbon C 14 H 16 also shows 
two similar bands, less persistent and further shifted towards the 
red end of the spectrum than the naphthalene bands. 

The mean oscillation frequencies of the bands are : 


Naphthalene, Baly and Tuck 3125 

„ ^/10-solution, Ilomer and Purvis ... 3122 

C 14 H 16 , tf/lO-solution, ,, ,, » - 2638 


3220 

3225 

2770 
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The results of our investigation. may be summarised as follows ; 

I, The absorption curves for both if/ 1000- and ^/10-solutions of 
hydrocarbon C 14 H 19 are similar to the curves for naphthalene 
Ihese results are in accordance with our previous suggestion that 
the substance is a tetram ethyl derivative of naphthalene. 

IL Our experiments confirm the observation of Baly and Tuck 


Fig. 2. 

Oscillation frequencies. 

26 28 80 32 34 36 



Full curve : 'SJlO-solution of naphthalene in alcohol , 
Dash ,, : 1$ jlQ-solution o/C u H 16 in alcohol. 


with regard to the presence of bands corresponding with 1/A 3125 
and 1/A. 3220 in naphthalene and its derivative. 

Hi. Hartley in his first paper represented the naphthalene curve 
for dilute solutions as being characterised by the presence of four 
narrow bands. Baly and; Tuck from their results consider that there 
is only one broad band, 1/A 3700, which corresponds with Hartley’s 
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four bands. The curves obtained ay us^^^iuujJrBolutions 0 f 
naphthalene, and of its derivative, C 14 ^ 6 ; shows four narrow 
bands. These observations support Hartley's first interpretation of 
the absorption curve of naphthalene, 

University Chemical Laboratory, 

Cambridge. 


XXX. — The Alkaloids of Ergot . Part II. 

By George Barger and Arthur James Ewins. 

In a previous communication on this subject (Trans., 1907, 91 
337), one of us, in conjunction with F. H. Carr, described tie 
new amorphous alkaloid ergotoxine, C 35 H 41 O c N 6 , and assigned to 
Tanret’s crystalline ergotinine the formula C 85 H s6 0 5 N 5 . The 
crystalline alkaloid was thus proved to be the anhydride of the 
amorphous one, as was first surmised by Kraft. 11 
% The transformation of ergotoxine into ergotinine takes place by 
boiling with methyl alcohol (Kraft), or with acetic anhydride. 
When, on the other hand, ergotinine was wanned on the water- 
bath with very dilute phosphoric acid, Barger and Carr obtained 
from it the crystalline phosphate of an amorphous base, which 3 
closely resembled ergotoxine phosphate in physiological action and 
had the same melting point; the crystalline form was, however, 
entirely different, Ergotoxine phosphate crystallises in thin needles 
'(Fig. 2), the new phosphate formed rhomb-shaped, triangular, or 
hexagonal plates (Fig. 1), and the difference persisted after the 
bases had been liberated, dissolved in ether, and again converted 
into their phosphates by precipitation with alcoholic phosphoric 
acid. 

We have now found the cause of this difference between the two 
salts. "When ergotinine is heated with a solution of phosphoric 
acid in ethyl alcohol, there is formed, not ergotoxine phosphate, 
but the phosphate of ergotoxine ethyl ester, and it is the latter 
salt which crystallises in plates. The hydrochlorides of the two 
bases are also quite different (Figs, 3 and 4). That the new base 

* The identity of Kraft’s hydroergotiuine (Arch. Pharrn. } 1906, 244, 33G) with 
ergotoxine was recently doubted by Vahlen [Arch. exp. Path. Pharrn 1903, 60, 42} 
on physiological grounds, but an analysis of hydroergotinine sulphate by Kraft 
(Arch, Pharrn. , 1907, 245, 644} and a comparative physiological examination by 
Dale (Arch. exp. Path. Pharrn 1909, 61, 113) leave no doubt that hydroergotiuine 
and ergotoxine are synonymous terms. 
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THE AU^LOIDS OF ERGOT, PART II: 

j s a,n e fchyl eg^^y^shgyp, and especially by a deter- 

mination of iSe ethoxy-group By Zeisel's method. 

' jfc thus follows Shat ergotoxine contains a carboxyl group, and 
that ergotinine j s its lactone (or lactam). In accordance 'with this 
yiev, ergotoxine is soluble in sodium hydroxide, but ergotinine ial 
not, nor is the ester-base above referred to. Esterification probably' 
takes place to some extent when ergotoxine is boiled ' with alcohol 
jin the absence of phosphoric acid). Wc have noticed repeatedly 
in converting ergotoxine into ergotinine by boiling with methyl? 
alcohol (Kraft’s method) that the yield is far from quantitative*! 
some of the ergotoxine is probably converted by this process into 
th^very soluble ethyl ester, instead of the crystalline anhydride. It 
■^moreover, quite likely that ergotinine itself when boiled with 
alcohol form9 ergotoxine ester to some extent; this behaviour would 
explain the loss of ergotoxine on recrystallisation which we our- 
selves and others (Tanret, Meulenhoff) have noticed. The fall iif| 
optical rotation shown by alcoholic ergotinine solutions, especially 
on boiling, is also probably due to the formation of an ergotoxin^ 
ester. ■ 

n 

Besides proving the presence of a carboxyl group in ergotoxine^ 
we have been able to establish the presence of a somewhat larger* 
and more characteristic fragment of the complicated molecule of < 
the ergot alkaloids. On destructive distillation, both ergotoxine and 
ergotinine yield a small quantity of a crystalline substance, and f 
to we have been able to identify as isobutyrylformamide, 
^HMe 2 ‘CO‘CO*NH 2 . The yield of this substance is only 5 per 
(Sat. of the (very costly) alkaloid employed; as we had only a 
few decigrams of the substance at our disposal, its identification 
was somewhat troublesome, but was finally rendered certain by 
direct comparison with a specimen of isobutyrylformamide syn- 
thesised for the purpose. 

A ketonic amide of this type does not appear to have been 
previously obtained from a natural substance, and we are unable 
to suggest the mechanism of its formation from the ergot alkaloids. 
Wc do not think, however, that either of the oxygen atoms of the 
amide belongs to the carboxyl group which we have shown to be 
present in ergotoxine. If this be admitted, we have accounted for 
four out of the six oxygen atoms of that alkaloid (or three out of 
k e five present in ergotinine). The two remaining oxygen atoms 
are not present as phenolic hydroxy- or methoxy-groups, because 
ergotinine is insoluble in sodium hydroxide, and when examined 
7 Zeisel’s method yields a negative result. One of the nitrogen 
atoms probably has a methyl group attached to it, because some- 
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thing like one equivalent of methyl iodide is set free when 
ergotinine is examined by Herzig and Meyer s method. At least 
one of the five nitrogen atoms is tertiary, for a methiodide is slowly 
formed. It is remarkable that, in spite of having five nitrogen 
atoms, the ergot alkaloids are only very feeble mono-acid bases. 


Experimental. 

Phosphate of Ergotoxine Ethyl Ester , C^H 40 O 4 N 5 ‘CO 2 *C 2 H 5 ,H 3 I ) 0 4l 

One gram of crystalline ergotinine was suspended in 10 c.c. of 
absolute ethyl alcohol; and 1*1 equivalent of phosphoric acid dis- 
solved in 5 c.c. of alcohol was added. On warming on the water- 
bath for fifteen to thirty minutes, the ergotinine gradually dis- 
solved; on cooling, an amorphous solid separated, which was 
collected' and crystallised from 90—95 per cent, ethyl alcohol. In 
this way about 0*3 gram of a grey product was obtained, which 


Fig. 1. 



(7 


Phosphate of ergotoxine ethyl ester, 
x 65 diameters. 



Ergotoxine phosphate, 
x 65 diameters. 


on recrystallisation from 12 c.c. of 95 per cent, alcohol separated 
in almost white leaflets (Fig. 2), melting at 187—188° (bath pre- 
viously heated to 180°). For the sake of comparison the crystalline 
form of ergotoxine phosphate is shown in Fig. 2. These and t e 
other figures were drawn from micro-photographs : 

0*1353 gave 0*2922 C0 2 and 0*0812 II 2 0. C = 58*9; H=6*4. 

C 37 H 45 0 6 N 5 ,H 3 P0 4 requires C = 58*9; H = 6*4 per cent. 

C 35 H 41 0 6 N 5 ,H 8 P0 4 „ C=57*9; H = 6*l „ 

As the phosphate of an ethyl ester of ergotoxine contains only 
1 per cent, more carbon than that of the corresponding ergotoxin 
salt, a direct determination of the ethoxy-group was made by eise 8 

method : 
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0 3503 gave 0* 10*64 Agl. OEt = 5‘82. 

C^H^O^Nj’COgEt^HsEOi requires OEt— 5 97 per cent. 

The rotation - of this salt was also determined in 75 per cent, 
alcohol. 2 = l v dcm.; c = 2’03j o D +.1*58°; [o] D +77'8°. From the 
phosphate obtained in the manner described, the base was set free 
by sodium carbonate, dissolved in ether, and dried with sodium 
sulphate. From the ethereal solution of the base obtained in this 
wa y, the hydrochloride and the oxalate were precipitated by adding 
alcoholic hydrochloric acid and ethereal oxalic acid solutions respec- 
tively* 


Hydrochloride of Ergotoxine Ethyl Ester, C 3 7H 45 0 G N 5 ,HC1. 

The precipitated salt crystallised from 90 per cent, alcohol in 
large plates (Fig. 3), which melted at 206 — 207° (bath previously 
heated to 190°). For the sake of comparison, crystals of crgotoxine 
hydrochloride (m. p. 205°) are shown in Fig. 4 * 

The difference in crystalline form existing between salts of 
ergotoxine and the corresponding salts of the ethyl ester is also 
clearly shown in the case of the oxalates formed by adding an 


Fig. 3. 


Fig. 4. 



Hydrochloride of ergotoxine ethyl ester, 
x 65 diameters. 


Ergotoxiuc hydrochloride, 
x 65 diameters. 



ethereal solution of oxalic acid to the bases dissolved in ether. 
Both salts melt at 179 — 180°, but whereas the ergotoxine oxalate 
forms elongated, rectangular prisms, the salt of the ester crystallises 
in hexagonal leaflets. 

By warming ergotinine with a solution of phosphoric acid in 
methyl alcohol, crystalline salts of ergotoxine methyl ester are 
readily obtainable. As in the case of the ethyl ester, this base is 

* ln 4 he previous paper (Trans., 1907, 81, 350) it was stated that ergotoxine hydro- 
chloride forms “diamond-shaped plates and very thin and very long, square-ended 
needles. 1 The plates, however, were an admixture of the hydrochloride of ergotoxine 
ethyl ester. 
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amorphous, thus resembling,, ergotoxinfcj x «iJi© t^ter: ; ^haaeg diirer, 
however, from ergotoxine in being insoluble ./^Jilute' sodium 
hydroxide. . 

Salts of Ergotoxine . 

In addition to the phosphate, the hydrochloride, and the two 
oxalates of ergotoxine, which were described in the earlier paper 
several other salts have been obtained crystalline, They were 
. prepared in each case by adding a dilute ethereal or alcoholic 
solution of the acid to a solution of ergotoxine in ether, until no 
further precipitate was formed. The precipitated salt was dried 
in a vacuum, and crystallised from warm 90 to 95 per cent, alcohol. 
Not infrequently the salt separates as a jelly on cooling; in such 
cases it is best to dilute the solution, so that nothing separates on 
cooling, and then to add a few drops of dry ether at intervals. 

Ergotoxine yicrate forms pale yellow, acicular prisms, melting 
at 214 — 215° (bath first heated to 210°): 

0'1536 gave 17*2 c.c. N 2 (moist) at 10‘5° and 757 mm. N-13‘2, 
C 35 H 41 0 c N 5 ,C e H 3 0 7 N 3 requires N = 13T per cent. 

Ergotoxine hydrobromide, acicular prisms, melting at 208°; 

01042 gave 0‘0260 AgBr. Br = 10‘6. 

C 35 H 41 0 6 N 5 ,HBr requires Br = ll'3 per cent. 

Ergotoxine sulphate, prisms, melting at 197°: 

01192 gave 0 0358 BaS0 4 . H^S0 4 = 12'6. 

C3 5 H 41 0 6 N 5 ,H 2 S0 4 requires H 2 S0 4 ~13’5 per cent. 

This appears to be a somewhat impure acid sulphate; that 
prepared by Kraft was the normal one. 

Ergotoxine nitrate forms short, broad prisms, melting at 
193 — 194°, 

Action of Methyl Iodide on Ergotinine , Ergotoxine , and Ergotoxine 
Esters. 

Ergotinine and allied bases appear to have one tertiary nitrogen 
atom. Ergotinine dissolves readily in methyl iodide, but when the 
solution is left at the laboratory temperature for some days, it is 
gradually transformed into a white jelly, readily soluble in alcohol; 
this jelly doubtless represents the methiodide. Ergotoxine and its 
esters behave in a similar way, except that the reaction is more 
rapid. In no case, however, could a crystalline product be isolated, 
!We give as an example the analysis of the precipitate formed in 
a solution of ergotoxine methyl ester in methyl iodide; the sub- 
stance, presumably the methiodide, was washed with dry ether and 
dried at 100°: 
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01300 gave'*0‘0365 Agl. 1 ^ 15 ^.- 

Cs 6 H 4 2 p 6 N 5 ;CH 3 I requires 1 = 16*2 per cent. 

Actio4 of Absolute Alcohol on Ergotinine. 

A- solution of 0‘24 gram of crystalline ergotinine in 100 c.c. of 
absolute ethyl alcohol was divided into two portions. A 2‘2-dcm. 
polarimeter tube was filled with one portion of the solution, and 
jgepfc in the dark at the laboratory temperature for some months. 
During this time the rotation gradually decreased*, as shown by the 
following table: 



«i>. 

1 


June lltli 

+ 1-76" 

2*2 dcm. 

+333° 

June 12 th 

+ 1-71 

2*2 „ 

+ 324 

June 14th 

+ 1*66 

2-2 „ 

+ 314 

June 17 th 

+ 1-61 

2-2 „ 

+ 305 

June 28th 

+ 1-61 

22 „ 

+ 305 

July 19th 

+ 1-52 

22 „ 

+ 290 

Sept. 1 3th 

+ 0-62 

1 ,> 

+258 

The other portion 

was heated 

under a reflux 

condenser 

vater-batk; here the change was 

more rapid : 


Time in hours. 


7. 

[«] p. 

0 

+ 1-76* 

2*2 dcm. 

+ 333° 

1 

+ 1*59 

2 „ 

+331 

4 

+ 141 

2 ,, 

+ 294 

8,\ 

+ 0-67 

2 „ 

+ 275 

154 

+ 0*61 

1 „ 

+ 254 

23 

+ 0 59 

1 „ 

+ 246 

30 

+ 0-48 

1 „ 

+200 

37 

+ 0-37 

1 » 

+ 154 


In boiling alcoholic solution the change is even more rapid. A 
saturated solution prepared by shaking at 10° gave: 

• 2 = 2*2 dcm.; c = 0*2566; a 0 +l'91°; [a] D +338°. 

After boiling for five minutes, [a] D fell to 327°, after one hour 
to 300°, after three hours to 242°. 

Crystals of ergotinine, obtained by rapidly cooling a boiling 
alcoholic solution, are shown below : 

Fig. 5. 
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Ergotinine, x 65 diameters, 
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Isolation of iso Butyrylformamde Vn fflii 0 f th e 
Ergot Alkaloids. 

. The formation of a crystalline sublimate caS be observed bv 
carefully heating a few milligrams of ergotinine or ergotoxjne ^ 
a small tube. The alkaloids melt and decompose, and a minute 
quantity of a colourless liquid appears in the cold part of the tube- 
this soon crystallises, and if the operation is carried out under 
diminished pressure the substance appears at once in glistening 
leaflets. 

It was soon found that the substance, once set free, sublimes at 
100°, and cannot be recrystallised from organic solvents without 
great loss. Its purification was therefore carried out by sub- 
limation under diminished pressure. 

ETgotinine (in some cases ergotoxine) was heated in quantities of 
0*5 gram at a time in a flask of 5 — 10 c.c. capacity, which was pro- 
vided with a neck 25 cm. long and 1 cm. wide. Almost the whole of 
the bulb could be immersed in a metal-bath at 220 — 240°; the lower 
.part of the neck, adjoining the bulb, was jacketed with steam, and 
the flask was evacuated to 2 mm. pressure. By this means the 
crystalline sublimate collected only on the upper part of the neck, 
above the steam-jacket. It was contaminated with a little yellow 
ioil, and was purified as follows. The region of the tube where 
the sublimate had condensed was cut off, placed in a test-tube, and 
the substance re-sublimed in a boiling water-bath under a pressure 
of 15 to 20 mm. ; it condensed on the upper portion of the test-tube, 
from which it was removed by means of a glass rod. In this way 
i0'09 gram of pure sublimate was obtained from the base from 
3 grams of somewhat impure exgotoxine phosphate; in another 
experiment, 0’5 gram of pure ergotinine yielded 0’021 gram of 
sublimate, or 4*2 per cent. 

As thus obtained, the substance formed thin, large, glistening 
leaflets, melting in a sealed tube at 109°, readily soluble in cold 
«Jcohol, but only sparingly so in cold water and in benzene: 

0*0467 gave 0*0881 C0 2 and 0 0325 H 2 0. C = 51*l; H=7*4. 
0*1034 „ 0*1946 C0 2 „ 0*0756 H 2 0. C = 51*3; E = 8*l. 

0*0860 „ 8*8 c.c. N 2 (moist) at 19° and 767 mm. N=12*0. 

C 5 H 9 0 2 N requires C«52’1;II = 7*8;N = 12*2 per cent. 

The vapour-density was determined by Victor Meyer’s method: 

0*0913 gave 22*05 c.c. moist air at 17° and 762 mm. V.D.-53. 

C 5 Hc, 0 2 N=115 requires V.D. = 57*5. 

Although the percentage of carbon found is rather low, the 
formula C 5 H s 0 2 N is established with certainty. At first we found 
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.r-asa -^rilwe employed cuprous 
chloride "(coraparp Haas’, Trans^SOe; 89, 570). The same difficulty 
v?aa experienced by Barger and Carr in determining the nitrogen 
in ergotinine (Trans., 1907, 91, 343, footnote), and is apparently 
due to the presence of a pe^dimethyl group, resulting in - the 
formation of methane. We have now actually located this dimethyl 
group in i'sobutyrylfomamide, where, on analysis by Dumas’s: 
method, unless cuprous chloride or lead chromate is used, it produce! 
a much larger error than when accompanied by the rest of th3 
molecule in ergotinine. Some of this methane probably alsdl 
escaped combustion in the carbon and hydrogen estimations quoted. 

The melting point of our substance corresponded closely with^ 
three substances of the formula C^HgtXN described in the literature^ 
namely, butyrylformamide, wobutyrylformamide, and lsevulinamider 
We first prepared butyrylformamide by the method given beIow£- 
This substance was found to have a striking resemblance to th'J! 
sublimate from the ergot alkaloids, and melted at 108°, but on| 

mixing with this substance the melting point was 89 90°. W^f 

next prepared wobutyrylforaamide, which again was quite similar! 
in its properties. It melted at 107—108°, and this time the melting! 
point remained unchanged, when the synthetic was mixed with- th&| 
natural substance. The melting points may be tabulated thus : 

1. Butyrylformamide, 108“. Mixture of 1 and 2, 88—89°. 

2. t'suButyrylfurmamide, 107—108°. Mixture of 1 and 3,' 89—90°. 

3. Substance from ergot alkaloids, 109°. Mixture of 2 and 3, 107—108° 

In addition, the. vapours of 2 and 3 readily gave, on gentle! 
i warming, the pyrrole reaction with a pinewood splint moistened! 
with hydrochloric acid, but 1 gave only a doubtful coloration oh® 
strongly heating. 

The sublimate from the ergot alkaloids is therefore isobutyryilj 
formamide, CHMe 2 *00'C0*NH 2 . * : W 

In addition to this substance we obtained, on destructive dial! 
filiation of the alkaloids under 2 mm. pressure, a small quantity off 
a base boiling at 88—89°, which was condensed in a tube cooled w 
Jy carbon dioxide and acetone, and had an odour like pyrrolidine . M 
me substance left in the. flask was somewhat volatile under 2 
pressure, and crept up the sides of the flask as an amber-coloured,* 
liquid, but could not be distilled. 

. Synthesis of Butyryl and iso Butyrylformamide. 
ilontz (Trans., 1881, 39, 14) prepared butyryl and isob tttvryh 
i" * from tlle corresponding chlorides and silver cyanide. We 
ria the yield to be very unsatisfactory, and therefore adopted 
” method (Ber, 1898, 31, 1023), using anhydrous hydrogen 

U 2 
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cyanide. 12*5 Grams of butyryl chloride were added to a solution 
of 3*2 grams of hydrogen cyanide in 46 c.c. of dry ether, and to 
r the well-cooled solution 10 c.c. of pyridine were slowly added. 
After standing overnight, the pyridine hydrochloride', which had 
separated, was removed "by filtration. The ethereal filtrate ^aa 
washed with 5 per cent, sulphuric acid to remove the pyridine, and 
then with water to remove the acid. After drying, the ethereal 
solution was evaporated, and the residue distilled, when 1 gt^ 
of butyrylcyanide was obtained ; the rest of the reaction product 
consisted mostly of the bimolecular polymeride. By hydrolysis with 
85 per cent, sulphuric acid, 0*4 gram of butyrylformamide was 
obtained. It was purified by sublimation from a boiling-water 
bath under diminished pressure, and melted in a sealed tube at 108° 
(Moritz found 105—106°). isoButyrylformamide was prepared in 
the same way, and melted at 107 — 108°. As stated above, this sub- 
stance, unlike the normal amide, on heating, readily gives the 
pyrrole reaction with pinewood. Its melting point is given by 
Moritz (erroneously) as 125 — 126°, by Brunner ( Monatsh ., 1894, 
15 , 758) as 10G — 107°, and by Friinke and Kohn ( Monatsh.j 1899, 
20 , 887) as 110°. 

We desire to acknowledge our indebtedness to Messrs. E. T, 
Thompson and S. M. Pettet, who have respectively made the micro- 
photographs and drawings, from which the figures of crystals have 
been prepared. 

The Wellcome Physiological Research Laboratories, 

B Rockwell IIall, Heilke Hill, London, S.E, 


XXXI . — The Action of Chlorine on Phenylcarbamidt 

By Frederick Daniel Chattaway and Newcomb Kinney Chaney. 

The action of chlorine on phenylcarbamide is of necessity a com- 
plicated one, since each of the three hydrogen atoms attached to 
nitrogen in the compound can be exchanged for halogen, which can abo 
pass into the nucleus by intramolecular rearrangement when the 
hydrogen of the imino-group connecting the carbonyl and phenyl 
groups is replaced. 

The isolation of the various compounds produced is rendered 
difficult and in some cases impracticable by the circumstance that the 
group ‘CO'NHCl, which is comparatively stable in presence of hydro- 
chloric acid, at once breaks down with liberation of nitrogen w 
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presence of alkali Carbonates, whilst' the group *C0'NC1‘C 6 H 5 , which is 
comparatively stable in presence of the latter, undergoes isomeric 
change under the influence of hydrochloric acid. * 

Hence, since chlorination has to be effected in acid solution, deriv- 
etires containing the unsubstituted phenyl residue, although un- 
doubtedly formed, have not been isolated in a pure state; indeed, only 
wheD the phenyl group contains chlorine in all available positions can 
any considerable number of the A T -halogen compounds theoretically 
possible he obtained. 

The action of chlorine on phenylcarbamide is interesting, as the 
halogen passes with great ease at the ordinary temperature, not only 
into the para- but into both ortho-positions, whilst with acyl anilides 
the fio&l transformation, in which the halogen enters the second ortho- 
position, is only effected with some difficulty at a comparatively high 
temperature. 

The i\T-halogen derivatives obtained are also of more than ordinary 
interest on account of their unexpectedly great stability, for example, 
2;4:6-trichlorophenyltrichlorocarbamide can be heated to a tempera- 
ture approaching 130° without decomposition. 

A consideration of the properties of the A/-chloro- derivatives 
obtained leads to the conclusion that chlorine enters preferably the 
amino-group, the hydrogen of the •NH*C 6 H 5 group being next 
replaced thus : 

%C0‘NHPh KHCI-CO-NHPh 

NHCl‘CO*NCirii — > NCVCO-NCIPh. 

The entrance of halogen into the nucleus follows the regular course 
the para- and ortho-positions being taken up, until finally all three are 
occupied by halogen. 

Experimental, 

Action of Chlorine and of Hypochlorous Acid on Pkenylcarbamide, 

The iV-ch loro-derivatives derivable from • unsubstituted phenyl- 
carbamide are undoubtedly formed when chlorine is passed into a 
solution of phenylcarbamide in glacial acetic acid containing an excess 
of sodium acetate, but halogen enters the phenyl group with such 
Mdiness that they have not been isolated. The considerable evolution 
of bat which takes place in this action is caused by the entrance of 
halogen into the ring, since only a very slight development of heat is 
ted by the replacement of hydrogen in carbamide by halogen. 

If to a strongly-cooled solution of phenylcarbamide in alcohol the 
ciliated quantity of NjlQ aqueous hypochlorous acid is added, a 
^Moro-derivative separates in the form of a somewhat viscid solid . 
dissolves easily in chloroform, and is left on evaporation of the 
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solvont as a slightly brown, viswj consists 

jnajnly-of the compound NCIs'C^^ClPh, ab'it . /cohtainR r almost the 
theoretical amount of chlorine attached to nitrogen and is transformed 
Into a mixture of substituted phenylc&rbamides on keeping a solution 
ifi - glacial acetic acid for some hours. We have not,, however 
succeeded in bringing it into a crystalline condition. Substituted 
W-chloro-derivatives, although crystallising well from chloroform or 
; petroleum when perfectly pure, can only with great difficulty be made 
^Crystallise when they contain even slight amounts of impurity, 
especially when, as in the case of those containing unsubstituted 
phenyl groups, they are of low melfciug point. 

A similar result was obtained when phenylcarbamide suspended in 
water was chlorinated in presence of excess of calcium carbonate. 


p -Chloropfonykhlorocarbamide, NHC1*C0*NH*C & H 4 C1, 

This compound can bo prepared by the careful chlorination of phenyl, 
carbamide or of p-chlorophenylcarbamide dissolved in glacial acetic 
acid in presence of excess of sodium acetate. Five grams of p-obloro- 
phenylcarbamide were dissolved in 250 grams of glacial acetic acid, aDd 
finely powdered, crystalline sodium acetate was added so long as it was 
‘dissolved. This liquid was cooled in ice to as low a temperature as 
possible without crystallisation of the glacial acetic acid, and a slow 
stream of chlorine passed in. p*Chlorophenylchlorocarbamide separated 
in small, colourless needles. The stream of chlorine was stopped 
before the whole of the p-chlorophenvlcarbamide had been converted 
into the W-chloro-derivative, and the latter was collected, washed well 
with water and finally with chloroform, and dried in a vacuum over 
^phosphoric oxide. It crystallises from warm chloroform, in which it is 
sparingly soluble, in colourless, fine needles. When heated it remains 
apparently quite unchanged until 122°, when it suddenly decomposes 
without previously melting. When treated with hydriodic acid, iodine 
is quantitatively liberated, and yhchlorophenylcarbamide, identical with 
that obtained from potassium cyanate and p-chloroaniline, is formed. 

It and the other W-chloro-derivatives described in this paper were 
analysed by the method generally applicable to nitrogen chlorides, bj 
adding known quantities to solutions of potassium iodide containing 
glacial acetic acid and titrating the iodine liberated with JV/1 0-sodium 
thiosulphate : 

0 1083 liberated iodino - 10*4 c.c. W/10 L Cl as INCI = I7‘02. 
C ? H 6 ONgUl 2 requires Cl as INCl- 17*29 per cent, 
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p NClyCO’NH-C^Cl. 

This compound separates as a pale yellow solid when the calculate^ 
^oant of an aqueous solution of hypochlorous acid is rapidly addett: 

eolution of phenylcarbamide in glacial acetic acid. It crystallises' 
from warm acetic acid, in which it is readily soluble, in pale yellow, 
needles, which soften at about 85° and melt and decompose 'at 
about 90° : ’*■ 

0*1804 liberated iodine = 30*3 c.c. W/10 I. Cl as INC1 - 29‘T7. , 
C r H 5 ON 2 Cl 3 requires Cl as INC1 = 29‘6 per cent. 

The yellow colour of the compound indicates that in it two chlorine 
atoms are attached to the same nitrogen atom. 

pChlw'OphenyltricMorocarbamide, NClg'CO'NCl’CuH^Cl. 

This compound is formed when chlorine in excess is passed into ftjj 
cooled solution of p-chlorophenylcarbamide in glacial acetic acid irijjj 
presence of excess of sodium acetate. Tho insoluble A r -monochloro- ? 
derivative first formed slowly dissolves as the passage of the chjorine \ 
is continued, and the JV-trichloro-derivative is obtained as a palej 
yellow, viscid liquid by diluting with water, extracting with chloroform, f 
and removing the solvent in a current of dry air. ^ 

This liquid always gave on analysis a somewhat too low percentage ” 
of chlorine as INCH, and it^has never been brought into a crystalline - 
condition. This is probably due to it never having been obtained! 
.perfectly pure, but always mixed with a small amount of the corre- 
sponding iY-trichloro-derivative of 2 : 4-dichlorophenylcarbamide, the* 
passage of the chlorine having to be continued so long to effect the 
solution of the W-monochloro-derivative that transfer of chlorine into' 
the phenyl group in the ortho-position always takes place to a email? 
extent. 

2 ; k-Dichlorophenylmonochlorocarbainide, NHChCO’NH'CgHgClg. 

This compound is formod when equivalent amounts of 2 : 4-dichloro- 
phenylcarbamide and of its W-dichloro -derivative are dissolved in aa 
small a quantity as possible of warm glacial acetic acid. On cooling,^ 
2:4-dichlorophenylmonochlorocarbamide separates in needle-shaped - 
crystals. It crystallises from hot chloroform, in which it is sparingly 
soluble, iu long, colourless, silky needles. "When heated it decomposes at 
132°, giving off bubbles of gas and fusing to a brown mass : 

0 2215 liberated iodine = 18 7 c.c. N/10 I. Cl as INC1 = 14*96. 
C 7 H 5 0N 2 C1 3 requires Cl as 1NC1 = 14*8 per cent. 
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2;4- - . . 

;- . 2 " 4 Dich] 0 ropheiiy]diehlorocarbamide can be prepared either from 
^hhnylbarbamide or from p-chlorophenylcarbamide, and as it ,s easily 
l iable in chloroform and crystallises well it can be separated without 
'difficulty from any email admixture of other products which may be 

formed together with it. . 

Tt is most readily prepared by dissolving phenylcarbamide in from 
Live to fifteen times its weight of glacial acetic acid, adding two 
equivalents of powdered sodium acetate, and passing chlorine until the 
Lid is saturated. The liquid should be cooled as far as possible 
during the passage of the gas so that it never becomes even si, ght,, 
warm After filtering off, if necessary, a small quantity of 2 4 : 6-tn- 

cblorophenylmonochlorocarbamide, which is occasionally formed if 

the chlorination has been continued too long, cooled chlorine-water 
is added in excess, when the Michloro-derivative separates as a yellow 
solid or as a yellow liquid which quickly crystallises. _ To obtain ,t 
drv and free from adhering acid, it is best to add sufficient chloroform 
to dissolve it, shaking vigorously, then, after washing repeatedly with 
chlorine-water, separating, and drying the chloroform solution over 
fused calcium chloride, to drive off the solvent in a current of warm 
drv air. A yellow, crystalline solid separates as the chloroform 
volatilises, or if crystallisation does not at, once take place Jm cank 
brought about by stirring the deep yellowish-coloured oil with a little 
petroleum of very low boiling point. It can be similarly easily 
prepared from p cbloropbenylcarbamide or 2 : d dichloropbenyl 
. LLnide, but as these are somewhat difficult to procure it ,s best to 

proceed as described above. ...... 

It crystallises well from hot chloroform, in which it is readilyso e 

'in pale yellow, four-sided, rhombic prisons.. It melts at , vh 

boated above this temperature, it remains apparently ““ban e 
to 100-105°, when it begins to give off gas ; the gas evolution is at 
first very slight, but it increases in amount as the temperature rises 
until the neighbourhood of 120° is reached, when slight crack » 
explosions generally occur, due to the evolution and explosion 
vapour of nitrogen chloride : 

0-3897 liberated iodine = 58'8 c.c. A/10 I. Cl as .N - 0 

C,H.0N 2 C1 4 requires Cl as INC1= 25-88 per cent. 

As this compound shows a yellow colour as intense as that » 
nitrogen chloride, it seems probable that both the chlorine atoms 
in the nucleus are attached to the same nitrogen atom, 
carbamide derivatives, which contain only one chlonn bidl 

to nitrogen, and the dichloro-derivative of carbamide itself, 
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fontains two *NHCl groups, are without appreciable colour. It seems 
likely that this and the similarly-constituted derivative of yj-chloro- 
phenylcarbamide are formed by the intramolecular rearrangement 
0 f phenyl trichlorocarbamide and j^chloropbenyltrichlorocarbamidefj 

respectively, thus : 

^CVCO-NOlPh -> NCl 2 *CO*NH'C 6 H 4 Cl and 

NCl 2 'C0*NCl*0 6 H 4 Ci KC1 2 *C0*NH*C 6 H 3 C1 3 . 

2 : i-DicUaropkenyl-s-dicklorocarbamide, NHCbCON CbCgHgCl^ 

If 2 : 4-dichlorophenyldichlorocarbamide is dissolved in chloroform 
and the solvent allowed slowly to evaporate, tufts of slender, colour- 
less prisms are deposited. These can be recrystallised from chloro- 
form, hut have never been obtained perfectly pure, as they readily 
change into 2:4: 6-trichioropheriyImonoehlorocarbamide, from which 
they cannot be completely freed. Different specimens were found to 
melt not very sharply about 80 — 85°, and to contain amounts of , 
chlorine as INC1 varying from about 23*5 to 24*5 per cent., this 
being from 1 to 2 per cent, too low for the pure substance. Thus the 
coloured, unsymmetrical W-dichloro-derivative when in solution 
appears slowly to become converted into the colourless, symmetrical 
derivative, which very easily undergoes transformation into 2:4:6- 
trichloropheny I monochlo rocarbamide: 

NClj'CO-NE'OjjHjjCljj NHC1’C0’NC1*C 6 H 3 C1 2 — >■ 

NHCl*CO*NH‘C fl H J Cl a * 

21 4 : b-Trichlorophenylmonocklwocarbamide, NHC1*C0*NH*0 6 H 2 C1 S . 

This, on account of its stabilityand very sparing solubility in glacial 
acetic acid, is the most easily prepared of all the W-chloro-derivatives 
of phenylcarbamide. It is formed when either phenylcarbamide, 
p-chlorophenylearbamide, or 2 : 4-dichlorophenylcarbamide is dissolved 
in acetic acid and chlorine passed into the liquid for any considerable 
period. It may be conveniently obtained as follows : Five grams of 
phenylcarbamide are dissolved in about 25 grams of glacial acetic acid, 
and a rapid stream of chlorine is passed into the solution, cooling by 
Water so that the temperature does not rise above 20°. After the ' 
chlorine has been passing for an hour or thereabouts, fine colourless 
crystals of 2:4: 6-trichlorophenylmouochlorocarbamide make their 
appearance in the liquid, and slowly increase in quantity as the 
passage of the gas is continued. When the separated solid no longer 
appears to increase in amount, it is collected and washed well with 
glacial aeetic acid and afterwards with chloroform. A further 
l^otityof a somewhat impure product can be obtained by adding a little 
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water to th« ^ 

whidl ii is.»j)ari6gly soluble, in small, Wry .slender, hair-like crystals, 
"When' heated it turns brown, and begins to decompose at about 150°, 
And,' if- rapidly heated, further melts and decomposes at about 
W— ISC 3 . When dry, it can be kept for a long period at the 
'"ordinary temporature without decomposition . 

0-2682 liberated iodine= 20-1 c.c. A T /10 I. Cl as .NCI = 13-28. 

C ? H 4 ON s CI 4 requires Cl as :NC1 = 12-94 per cent. 

2:4: 6-Tridtlorophenylcarbamide, NH 2 - C0-NH-C 9 H 2 C1 3 . 

This compound is most easily obtained by replacing the Whalogen 
atom in 2 : 4 : 6-trichlorophenylmonochlorocarbamide by hydrogen. 

, J,j ve grams of 2:4: 6-trichlorophenylmonochlorocarbamide were 
suspended in 20 c.e. of glacial acetic acid, and 2 grams of powdered 
potassium iodide added. The iodine liberated was removed as fast as 
it was formed by adding an aqueous solution of sodium sulphite. 
When iodine was no longer liberated, a slight excess of sulphite 
solution was added, the liquid was warmed for some time on a water- 
bath and kept for twenty-four hours. The 2 : 4 : 6-tnchlorophenyl. 
Carbamide thus formed was then collected and recrystalhsed from 
'alcohol. It separates from boiling alcohol, in which it is moderately 
'easily soluble, iu colourless, long, hair-like crystals. When heated 
rapidly it melts at 250°, and decomposes and evolves gas at a slightly 
higher temperature : 

O' 1422 gave 0*2545 AgCl. Cl =44*24. 

C 7 H r> ON 2 Cl 3 requires 01 = 44*42 per cent. 


2:4: 6 - TrichlorophmyldkUorocarbamide, NHCl*CO’K<>C! e H 3 C) 8 . 

This and the i^trichloro-derivative are best obtained from pure 2:4:6 
trichlorophenylcarbamide. Fivo grams of 2 : 4 : 6-tnchlorophenyl 
carbamide were dissolved in 500 grams of cold glacial acetic acid, asd 
a rapid stream of chlorine passed in for about ten minutes until the 
chlorine escaped freely. The clear yellow liquid thus produced was 
diluted with an equal bulk of water and extracted with chloroform 
The chloroform solution was thoroughly washed with water, dnM 
-over fused calcium chloride, and the solvent driven off by » »»" 
warm dry air. A very pale yellowish-coloured oily liquid ^ was ‘b 
obtained, which on stirring with a little light petroleum deposited 
white solid in fine granular crystals. This was recrystalhsed from bo 
chloroform, in which it is sparingly soluble, and separates in co on > 
probably orthorhombic prisms terminated by dome or pyr*“^ a , 

: On being heated it remains apparently unchanged up to , w 
begins to decompose with crackling explosions without previo 



t «rt>\osm »f^thiA lo liberation, of; the vapour, of v bitro^n 
W Me which explodes as soon &b it is formed, setting free chlorine.:. 

C 112111 liberated iodme = 27‘5 c.c. iV/10 I. Cl as .NC1 = 22'93. 
CyHgONgCl^ requires Cl as 1NC1= 22*99 per cent. 

Tie circumstance that this compound is colourless leads to >the 
lusion that the two chlorine atoms attached to nitrogen are not 
'™ C clie a t0 the same nitrogen atom, as does also its relatively high 

melting point. , 

2-1 ■ 6 • Tricilorophenyl trichlorocarbamide, NCI J , 00 , NC1'C 4 H S GI 3 . 

Four "rams of 2:4: 6-trichlorophenylcarbamide were mixed witl 
. . g grams of finely powdered sodium acetate and suspended ii 

to «mms of glacial acetic acid. The liquid was kept cool, and a slov 
.Jam of chlorine was passed in for an hour. The solution was then 
filtered diluted with chlorine water, and extracted with chloroform. 
The chloroform extract was then repeatedly shaken with a cooled, 
solution of chlorine water containing a little sodium 0n 

.emrating, drying with fused calcium chloride, and driving off the chlorj, 
form in a current of warm dry air, a deep yellowish-coloured, viscid< 
liquid was obtained. On dissolving this in warm petroleum of low ‘ 
boiling point and keeping the solution for some hours, 2 : 4 : 6-tn- 
cHorophenyltrichlorocarbamide separated in bright yellow, short, 

^It mdts P at 58°, and can be heated to 130° without apparent change 
When heated above this temperature, bubbles of gas are liberated, and 
in the neighbourhood of 155° it darkens and completely decomposes 
0-2209 liberated iodine = 38-05 c.c. N/ 10 I. Cl as .NCl = 30-90.» 
C,H 2 ON 2 CI„ requires Cl as 301 = 3102 per cent. 

University Chemical Laboratory, 

Oxford. 


XXXII .— ^-Nonylenic Adel 

By Victor John Harding and Charles Weizmann. 

Is the present communication an account is given of the pre- 
paration in large" quantities and the means of identification of 
^-nonylenic acid, an acid of considerable technical importance. 
It was first obtained by Schneegana (Annrden, 1885, 227, 80), v?ho 
prepared it by the condensation of heptaldehyde and sodium 
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acetate by means of acetic anhydride at 100 — 170° far thirty hours 
The yield was very poor, and its identification uncertain' 
Kmcevenagel (Friedlimder : Fortschritte der Teerfarb enfahrihatio n 
7, 738) has also prepared this acid by the condensation of hept- 
i aldehyde and malonic acid through the agency of piperidine. Th e 
authors, however, have not been able to obtain large yields by this 
method, the piperidine inducing condensation products of hept- 
aldehyde with itself similar in character to those obtained by 
means of alkalis. These high-boiling neutral products also occurred 
when other secondary or primary bases, such as diethylamine 
ammonia, or aniline, were used as the condensing agent, and it 
was only when tertiary bases were employed that good yields of the 
desired acid were obtained. The heptylidenemalonic acid which 
is first obtained, 

CH 3 -[CH 2 ] 5 -CnO + CH 2 (C0 2 H) 2 ==H 2 0 + CH s -[CHJ 5 -CH:C(C0 2 H) 9> 
easily loses carbon dioxide to form A*-nonylenic acid, 

ch 3 ‘[ch 2 ] 5 *ch:ch*co 2 h. 

This unsaturated acid, after purification by means of its barium 
salt, boils at 144°/ 13 mm., and is obtained as a colourless oil with 
a characteristic odour. As a means of identification, the authors 
recommend the use of the amide or the p-toluidide, hut more 1 
especially the former, as its preparation in a pure state is both 
easy and rapid. A^Nonylen amide melts at 126 — 127°; the 
p-toluidide at 73 — 74°. The dibromo-acid, 

CH 3 * [CHJ 5 *CH Br *CHBr *C0 2 H, 

although it has been obtained as a solid melting at 35°, on account 
of the difficulty with which it is prepared, is not suitable as a. 
means of identification, A^Nonylenic acid, on reduction with 
sodium and alcohol, gives nonyl alcohol. In order to control the 
constitution of the unsaturated acid, an alternative method of 
preparation was adopted. This was the condensation of hept- 
aldehyde and ethyl bromoacetate by means of zinc: 
CH 3 *[CH 2 ] 5 *CHO + Zn + CH 2 BrC0 2 Et 

C H 3 *[CH 2 ] 5 * CH(OZnBr) -CH 9 *CO,Et _> 

CH 8 -[CH 2 ].‘-CH(OH)*CH 2 -C0,Et.. 

Ethyl /3-hydroxy-n-nonoate, on hydrolysis, gives the corresponding 
acid as a white, crystalline solid, melting at 57 — 59°. This acid has 
previously been prepared by Wagner ( Ber 1894, 27, 2736), who 
obtained it by the oxidation of hexylallylcarbinol by means of 
permanganate. Wagner gives the melting point of this acid as 
48 — 51°, but we do not think there can be any doubt as to the 
identity of the two substances. The removal of water from the 
hydroxy-acid was accomplished by means of acetic anhydride, a 
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method which; has been ‘ used’ with ; such: ^conspicuous success by 
^ 3 l]acb to produce, uhsaturated acids, containing the ethylene., 
Jinfeiog in the, ajS-position. The identity of the two preparations, 
0 f Akionylenic acid was proved by means of their amides, a mixture 
0 f the two preparations having the same melting point as their' 
separate constituents. 

Experimental. 

A 1 -! Vomjlenic Acid, CH^fCHj.'CHICH-COgH. 

After many unsuccessful attempts, the following method of 
preparing A 1 -nonylenic acid was found to give the best results. 
One hundred grams of malonic acid were dissolved in 160 gramsof 
pyridine, and to the cold liquid was added 100 grams of hept- 
aldehyde. The whole was kept at the ordinary temperature for 
thirty-six hours, and then gently heated on the water-bath for two 
hours. The product was poured into water, and acidified with 
hydrochloric acid. The oil was extracted by ether, and well washed 
riih water. The unsaturated acid was next removed from the 
ethereal extract by means of sodium carbonate solution. The 
ethereal solution was dried and evaporated, when the very small 
residue which was obtained was found to consist almost entirely of 
unchanged heptaldehyde, high condensation products being pro-" 
dnced only in very small amount. The sodium carbonate washings, 
on acidification, extraction with ether, drying, and distillation',;, 
yielded 90 grams of A^nonylenic acid, boiling at 145 — 150°/ 12 mm. 
Analyses of this acid, even on redistillation, always showed a 
deficiency of carbon, and several methods of purification were tried,* 
of which the following gave the best results. Eighty grams of the; 
distilled acid were boiled in 95 per cent, alcohol with 127 grams of 
pure barium hydroxide. The barium salt which is formed 
gradually dissolves in much boiling alcohol, from which it separates 
on cooling as a white, crystalline powder. This, on acidifying with 
dilute hydrochloric acid and extraction with ether, gave about 
40 grams of pure A^nonylenic acid, boiling constantly at. 
144°/ 13 mm. : 

01210 gave 0*3097 C0 2 and 01102 H 2 0. C = 69*7 ; H=10‘l. 

C g H 16 0 2 requires C = 69*2; H = 10*2 per cent. 

A^Nonylcnic acid is a colourless oil, with the faint odour 
characteristic of acids of this class. It is readily soluble in cold 
sodium carbonate solution, and instantly decolorises cold alkaline 
permanganate. The preparation of A’-nonylenic acid in good yield 
a k° attempted by condensing heptaldehyde and malonic acid 

y the use of piperidine (Knrevenagel, loc. cit.), but the yields were 
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very poor, large bf ^tmlwr«Sfl9faSaoP products of 

beptaldehyde with if 

'toheptallehyde alone a few drops oiinpendlne padded. The 
liauid rapidly becomes hot, loses the characteristic odour 0 f 
beptaldehyde and decomposes on distillation. Similar results are 
Viren by other primary and secondary bases such as amnioma, 
aniline, and dicthylamine. The condensation of beptaldehyde and 
malonic acid by means of dimethylaniline gave, from 100 grams oj 
hentaldehvde, 30 grams of A'-nonyleijie acid and also some con- 
densation products of high boiling point. These ™ attribute to tie 
nresence of methylanilinc. in the dimethylaniline employed. 

V-Nonylenyl Chloride.- Honylenic acid reacts vigorously with 
phosphorus pentachloride to form A'-uonylenyl chloride, boiling at 

1440 / 90 m m. : 

0*2861 gave 0*2335 AgCl. Cl=19 9. 

■ C 9 n i5 OCl requires C=20*l per cent. 

The methyl and ethyl esters boil respectively at 110°/20 mm. and 

^Snyhnamide, C^-CO-NH* - This most characteristic 
derivative of A'-nonylcmc acid is very readily prepared by pouring 
the acid chloride into concentrated aqueous ammonia. The amide 
instantly separates as a solid, and is collected and punied by 
crystallisation from aqueous methyl alcohol or petroleum. It 
crystallises in beautiful pearly leaflets, melting at 126 127 . 

. o-1741 gave 13 9 c.c. N, (moist) at 20° and 752 mm. N-9 0. . 

C 9 H r ON requires N=8*9 per cent. 

^-Weno-p -toluidide is prepared by adding the acid chloride 
to a slight excess of p-toluidine and then gently warming. Tic 
yellow, semi-solid mass which is produced is then treated several 
Lies with dilute hydrochloric acid and with sodium caibouatc 
solution. The adhering oil is removed by contact with P« 
porcelain, and leaves the p-toluidide as a white sohd, which 
crystallises from light petroleum in small, shining leaflets melt g 
7 3 74 ° • 

0*1610 gave 7*6 c.c. N 2 (moist) at 19° and 770 mm. N=5’5. 

CAON requires N=5‘7 per cent. 


fi-Ilydrozy-n-nonoic Acid and its Ester, 
CH a -[CH 2 ] 6 -CH(0H)-CH 2 -C0 2 H. 

This acid is easily and rapidly prepared by condensing i# 
aldehyde and ethyl bromoacetate by means of me n b ““ 
solution. Eighty-eight grams of heptaldehyde and 128 g^ ams 
ethyl bromoacetate are mixed with twice their volume o en > 
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w d 52 griiJ^TSf is started by -warming 

ou comtaonced is extremely vigorous* 

jjyJ cooling ’muattie resorted to. When the reaction hag subsided* 
^ condeksatfon may be completed by heating on the water;b&tlS 
| or a couple of hour^. The yiscous product is decomposed by ice 
^ hydrochloric acid, extracted with ether, the ethereal - extract 
fe ll washed with water, dried, and distilled, when ethyl /3-hydroxy- 
monoate passes over as a colourless inodorous oil/ boiling at 
145°/13 mm. : . 

0*1381 gave 0*3302 C0 2 and 0*1287 H 2 0. C = 65*2; H = 10*4. 

CnHggOg requires C = 65*3; H = 10*8 per cent. 

-When treated with an aqueous solution of hydrogen bromide 
saturated at 0°, this hydroxy-ester only gives very small quantities 
of ethyl j8-broruo-«'-nonoate, the hydroxy-group remaining un- 
affected. j3-Hydroxy-n-nonoic acid is easily obtained by the 
hydrolysis of its ester by means of alcoholic potash. The potassium 
jit, which separates in large plates from the alcoholic solution 
on cooling, is collected, dissolved in a little water, cooled with ice, 
and acidified, when /3-hydroxy-^-nonoic acid separates as an oil 
which rapidly solidifies. This is collected, any adhering oil being 
removed by contact with porous porcelain, and purified by 
crystallisation from hot water, or from light petroleum, when it 
melts at 57 — 59°: 

01193 gave 0*2707 C0 2 and 0*1102 H 2 0. C = 61*9; H = 10*2. 

C fi H 18 O s requires C = 62*1 ; H = 10 3 per cent. 

' jB-Kydroxy-fl-nonoic acid crystallises in short needles as a white, 
inodorous compound. It is readily soluble in cold benzene, alcohol, 
chloroform, acetic acid, or ethyl acetate, and is stable towards 
cold alkaline permanganate. It is instantly soluble in cold sodium 
carbonate solution. When treated with an acetic acid solution ol 
hydrogen bromide and gently warmed, it yields |3-bromo-nmonoi( 
acid as a heavy oil. 


Preparation of &}-Nonylenic Acid from fi-Ilydroxy-n-nonoic Acid. 

: In order to confirm the constitution of A^nonylenic acid prepared 
from hcptaldehyde and malonic acid, it was deemed advisable to 
prepare it from /Miydroxy-n-nonoic acid, using acetic anhydride as 
a dehydrating agent. Ten grams of crude j3-hydroxy-n-nonoic acid 
Wer ® boiled with 50 c.c. of acetic anhydride for four hours. The j 
product was poured into water, and distilled in a current of steam, 
^hen the unsaturated acid passed over slowly. The distillate was ‘ 
Curated with ammonium sulphate, extracted with ether, and frac- 
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tionated under diminished pressure, when the acid ‘(5 grama) was 
found to boil at 181°/ 60 mm.: 

0-1315 gave 0'3293 C0 2 and 0*1237 H 2 0. C*68;3; H=10‘4. 

C 9 H ie 0 2 requires C = 69*2 ; H = 10*2 per cent. 

The acid prepared in this way possessed a sharper odour than that 
prepared by the first method, but its identity was proved beyond 
all doubt by its conversion into the acid chloride and then into 
the amide. The amide, when crystallised from petroleum, melted 
at 126°, and when mixed with a specimen of A^nonylenamide 
prepared from malonic acid, no alteration in the melting point' was 
observed. 

Reduction of Ethyl tf-N onylenate to Nonyl Alcohol . 

Fifty grams of ethyl nonylenate, prepared from the crude acid, 
are dissolved in 150 grams of absolute alcohol, and gradually added 
to 50 grams of sodium contained in a large flask provided with a 
reflux condenser, the temperature being kept at 150°. The reduc- 
tion is very vigorous, and alcohol must be added from time to time 
to complete the solution of the sodinm. When all the sodium has 
dissolved, the product is distilled in a current of steam, the nonyl 
alcohol being extracted by ether and fractionated. The yield is 
35 per cent. The nonyl alcohol was identified by means of its 
phenylurethane, 

afi-Dibromo-Tirnonoic Acid , CH a '[CH 2 ] 5 *CHBr’CHBr‘C0 2 H, 

This acid is prepared by the addition of bromine to a solution 
of A 1 -nonylcnic acid in carbon disulphide until the bromine ceases 
to be decolorised. The carbon disulphide is distilled off, the acid 
dissolved in ether, washed with dilute sulphurous acid, dried, and 
the ether evaporated. After a long time in an evacuated desiccator, 
the yellow oil gradually solidifies to a white, crystalline solid. 
This is pressed on porous porcelain to remove adhering oil, but the 
acid is too soluble in all organic solvents to permit of a convenient 
crystallisation. It melts at 35° : 

0-2125 gave 0’2450 AgBr. Br = 49*l. 

C s H 16 0 2 Br 2 requires Br~50G per cent. 

It is soluble in dilute sodium carbonate solution, but the solution 
rapidly becomes cloudy, owing to the separation of ahromo 
A^nonyleuic acid. 

ThT. UNIVERSITY, 

Manchester. 
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jjXII-L — Strychnine,* Berberine, hnd Allied Alkakrid#* 

5 y William'. HiSnby Perkin, jun., and Robert Robin soNvV 
, I . — Strychnine and Brucine. 

Several years ago (Trans., 1889, 55, 63; 1890, 57, 992) one of us 
carried out a systematic study of the alkaloid berberine, and 
succeeded in obtaining a series of degradation products, the 
investigation of which made it possible to suggest a constitutional 
formula for berberine, and this formula, except for slight modifica- 
jjons in minor details, is still accepted as correct. The intention at 
tba-t time was to use the experience obtained in order to attack 
the problem of the constitutions of several other alkaloids, and 
afterwards to attempt their synthesis, and a series of experiments 
oa cryptopine * (Proc., 1891, 7, 166) and on other opium alkaloids 
*ere commenced. 

Owing, however, to the necessity for completing other investi- 
gations, these researches had, for the time, to be reluctantly put 
aside. 

In recent years the difficult problem of the constitution of brazdlin 
and hematoxylin made it imperative that we should very carefully 
study the constitution and nature of the groupings contained in 
natural products generally, and particularly in the alkaloids, and, 
in reviewing the work which had been published on strychnine, 
brucine, berberine, corydaline, and allied alkaloids, we were led 
to certain conclusions as to their constitutions which we think may 
be worth recording, and the validity of which *we propose to test by 
experiment. Although the alkaloids, strychnine and brucine, have 
been the subject of detailed investigations, especially at the hands 
of Tafel and Leuchs, very few deductions have been made as to 
their constitutions. It is well known that strychnine, C 21 H 22 0 2 N 2 , 
while containing two atoms of nitrogen, is only a mon-acid base, 
yielding salts, such as the hydrochloride, C 21 H^0 2 N 2 ,HC1 + 1£H & 0, 
with only one equivalent of the acid. It is also known that the 
.alkaloid is a tertiary base, and that it does not contain methoxy- 
igronps. When strychnine is treated with alkalis (Loebisch and 
jSchoop, Monatsh., 1886, 7, 75; Tafel, Annalen, 1891, 264, 49), it 
'Suffers hydrolysis with the addition of a molecule of water and 
[formation of strychnic acid (and wostrychnic acid, p. 317) : 

C 21 H 2 2 0 2 N 2 + H 2 0 = C ai H*0,N 8 . 

Strychnic acid is an imino-carboxylic acid, and at the same time 

Owing to the generosity of Messrs. T. and H. Smith, of Edinburgh, who have 
supplied me with considerable quantities of this very rare alkaloid, this investigation 
* to* continued. - W. H.P., jun, 

V 0L. XCVII. X 
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methyl iodide, is conv e 
^9N(MeI)(:NMe)-00 2 H (ffajfel, Anmlen, 1891, 2fe4, 59), &h d 
presence of the immo-group is further demonstrated by tie 
_ nation of a nitrosamine, €52oH220N(*.N*NO)*C025, ^hem the 
acid is treated with nitrous acid. These results, together with the 
fact that strychnic acid is readily converted into strychnine by 
heat, led Tafel , to suggest that the relationship of strychnine to 
strychnic acid is probably that represented by the scheme: 

CO CO TT 

N-C. # H 2! 0<l f - N:C M H !2 0< N( | n , 


and is similar to that existing between i^-isatin and isatinic acid; 
C 6 H 4 -00 _ C 6 H 4 -CO 

*NH — CO NH 2 C0 2 H’ 

It can scarcely be doubted that this representation is correct 
and the non-basic properties of the grouping * *CO*N! affords an 
explanation of the fact that strychnine, although it contains two 
nitrogen atoms, is only capable of combining with one equivalent 
of an acid. Further confirmation of the presence of the grouping 
•CON! in strychnine is obtained from the study of the products 
which are formed when the alkaloid is treated with various 
reducing agents. When strychnine is reduced with phosphorus 
and hydriodic acid, it is converted into a substance, C^H^ONj, 
called desoxystrychnine (Tafel, Annalen , 1892, 268, 245), and this 
substance, the importance of which is emphasised in the following 
pages, evidently has the formula (A) ; 

® ! ^20 N:C 20 H 26 <^ ^ 

(A.) (R) 

since, like strychnine itself, it is a mon-acid base, which, on 
hydrolysis, yields desoxystrycbnic Acid (B). 

This imino-acid has properties very similar to those of strychnic 
acid, and its whole behaviour indicates that the characteristic 
groups N: and *CON! of strychnine have undergone no change 
during the reduction to desoxystrychnine. When desoxystrychnine 
is treated with sodium and alcohol, it yields strychnoline (I), the 
♦CONI group becoming ’CH^NI, but electrolytic reduction pro 
ceeds further and, causes the addition of another two atoms of 
hydrogen, and dihydrostrychnoline (II) results (Tafel, Anndcn, 
1898, 301, 324 and 326): 

i (1> (IL) 

Lastly, when strychnine itself is reduced, electrolytically, it ji*® 
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*«;. .... • ■ ^ •, : 

*CO*NI being reduced to 
with formation of 
303) : 

J * N:C 20 H sa O<J H || 

' v *(in.) ' (iv.) 

Q D e of the most characteristic properties of strychnine is the/ 
jge with which it is nitrated, since warming with very dilute 
itric acid (5 per cent.) converts it into dinitrostrychnine hydrate, 
' 3 H w 0 3 N 2 (Nt) 2 ) 2J H 2 O (Tafel, Aimalen , 1898, 301 , 299). 

This behaviour, and also the fact that strychnine is very readily 1 
^phonated (Leuchs and Schneider, Ber., 1909, 42 , 2681), may 
e taken as proof of the presence of at least one benzene ring, and 
i will be shown later that all the evidence points to there being 
nly one such ring in the molecule. There can, furthermore, be 
ttle doubt that this benzene ring forms part of a quinoline 
acleus, and, although no known quinoline derivative has so far 
een obtained from strychnine, there is ample indirect evidence of 
be presence of such a nucleus. . j 

Tafel (Annalen, 1898, 301 , 336) investigated the action first of| 
ilute and then of strong nitric acid on strychnine, and showed « 
hat, under the conditions he employed, the alkaloid is nitrated ? 
ad suffers degradation with the formation of dinitrostrychol- 
aiboxylic acid, (N 0 2 ) 2 C 8 H 2 N (0 II) a ‘ C0 2 II , and this important 
aid, when heated at 200°, loses carbon dioxide, with the formation 
f dinitrostrychol, (NO 2 ) 2 C 0 H 8 N (OH) 2 . There can be little doubt*/ 
s, indeed, Tafel has suggested, that this latter substance is aj 
[initrodihydroxyquinoline, and we are at present engaged in it®/ 
avestigation, not only with the object of proving this point, but^ 
.Iso, at the same time, of determining the relative positions of thel 
nbstituent groups in the quinoline nucleus. Still more conclusive i 
■vidence of the presence of the quinoline nucleus in strychnine has 
leea obtained in the following way. Strychnine combines with 
aetbyl iodide to yield strychnine methiodide, C 2 iH 22 0 2 N 2 ,MeI > 
mdthis, on treatment with silver hydroxide, or barium hydroxide,* 
ields methylstrychnine, and, since this substance shows all the 
iroperties of a betaine, there can be little doubt that its formation * 
a to be represented by the scheme : 

00 00 TT 

-> Me0H:N:C„H K 0< N ^ -> 

9 /CO 

MeN!C„H 2! 0 %NH . 

Methy lutrychnine. 

Methylstrychnino has all the properties of a secondary base; it 

yol. xbvn. y 
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yields, for example, a nitrosamine, and reacts with methyl iodide 

to form dimethylstrychnine: 

n - 


O' 

HeN:C M H,,0: 




>CO 




Tafel (Annalen, 1891, 264. 43) has already pointed out how 
remarkably the properties of dimethylstrychnine resemble those of 

J-methyltetrahydroquinoline : 

CHg 

r'YV* 

l lyCH, 

NMe. 


and dimethylaniline. Like these substances, dimethylstrychnine 
yields a green nitroso-derivative, and condenses with benzaldehvde 
in the presence of zinc chloride with the formation of the leuco-base 
of a green colouring matter, which closely resembles malachite- 
green and the green colouring matter obtained from tf-tetrahydro- 
quinoline under the same conditions; furthermore, it combines 
with diazobenzenesulphonic acid to yield a yellow azo-dye. Because 
of this behaviour, Tafel draws the conclusion, not only. that strych- 
nine contains a quinoline nucleus, but also that the .NMe group 
in dimethylstrychnine and the INH group in methylstrychnine, 
and therefore the IN-CO group in strychnine, is combined by one 
linking direct to the benzene ring, and that strychnine must there- 
fore contain the grouping: 


\/ x N*CO\ 

The consideration of the properties of strychnidine leads to 
exactly the same conclusions. This substance is produced, as 
explained on p. 307, by the reduction of the CO* group m 
strychnine to *CH 2 : 

N:C 20 H 22 O<^ T to N:O 20 H 23 O<^^ , 

and this process converts a substance with the properties of 
acetanilide into one which again exhibits exactly the behaviour of 
dimethylaniline or tf-methyltetrahydroquinoline towards reagents. 
*The most valuable evidence as to the internal structure of the 
other portion of the strychnine molecule is obtained from the 
consideration of the properties of an important monobasic acid, 
C ls H r 0 9 N 2 *C0 2 H, which is produced when strychnine is oxidised 
by chromic acid (Hanssen, Ber ., 1884, 17, 2849; 1885, 1 > 
and 1917; 1887, 20, 451). This acid is also obtained under td 
same conditions from brucine, an alkaloid which contains two 
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ffl etboxy : groug^and has 'properties so exactly similar to those of 
strychnine tfejill there (fan be no doubt that it is dimethoxy- 
s trychnine. Since the two methoxy-groups disappear during the 
formation of the acid C 15 H*0 2 N 2 *C0 2 H from brucine, it follows 
that the benzene ring of the quinoline nucleus in the two alkaloids, 
brucine and strychnine, is broken down during the formation of 
this acid, evidently in the following manner : 

C C 

-> c ° 2 h/Xv 9 

\/\y 6 A 

N*CO NH-CO 

Now the acid C 15 H ]7 0 2 N 2 ,C0 2 H is a derivative of carbazole, 
because it yields this substance on distillation with zinc dust, and 
we therefore arrive at the conclusion that the molecule of strychnine 
must contain the two residues : 





It has Already been shown that the quinoline nucleus contains 
a benzene ring, and therefore, in order to account for the large 
number of hydrogen atoms in the strychnine molecule, it is neces- 
sary, as it appears to us, to conclude that not only the pyridine 
ring of the quinoline nucleus, but also the carbazole section of the 
molecule must be almost completely reduced. Adopting a line of 
argument which we have employed on previous occasions (Trans., 
1890, 57, 1004; 1902, 81, 238; 1908, 93, 491), we find that these 
facts afford a basis on which it is possible to build up constitutional 
formulae for strychnine and its derivatives which, we are convinced, 
must at least be very near the truth. 

The two residues just figured contain C 22 , and as the formula of 
strychnine is it follows that these two residues must 

te fused together in such a way that one carbon atom at least is 
common to both. It is clear that the basic nature of strychnine is 
not due to the nitrogen atom of the tetrahydroquinoline nucleus, 
because of its union with the CO group ; it must therefore be due 
jo the nitrogen atom of the carbazole residue. If we now attempt 
jo construct a formula for strychnine on the assumption that the 
wo res idues are united in such a way that one carbon atom is ' 
common to both, we have to remember that strychnine is a tertiary 
* se > and the nitrogen of the reduced carbazole residue must 
erefore be rendered tertiary by union with a carbon atom of the 
^uohne nucleus, whilst the CO group unites with the carbazole 

Y 2 
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nucleus. This would finwmgg* «■»»«* 

reDresent the skeleton of strychnine. m JP pR& * 

It seems to us that the only possible alternative is to assume 
'. Vat iT1 the fusion of the two iraeM, two carbon atoms become 
Common to both ,* and that the skeleton, which now contains C M , 
'is completed by the introduction of an additional carbon atom 
jbetween the CO group and- the basic nitrogen atom,! yielding, m 
/the first place: 


/■ 


K^CO-CHj-n/ 


:> 


Further fusion may now take place in two ways, and two only; 
and leads us to the following alternative expressions for the 
skeleton of strychnine: 


xJ / 7 N 

|\ 9 ° 

N— OH, 



o 


(I.) 


(II.) 


, * If the twonuclci are fused together in such a way that three carbon atoms m 
Won to both, then two additional carbon atoms must be introduced, and 
&£?» expressions such^s the following for the skeleton of strychnine : 


/ 

\ 

N/ 


"\ 

/ 


\A 

A. 


N 

I I 

c CO 


& 

I i 

A 

A/\ 

N C 

I I 
co-c 


V s 


la such cases the carbolic group in strychnin acid £2 
removed from the iodine atom that the formation of a betaine would appeal 

only other gobble way of uniting * 

the rest of the molecule, in order to make the basic nitrogen 
construction of a four-carbon ring, which is highly improbable. 
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nn ?» 2111(1 lt 13 very 
unlikely would^ to \ readHy_. produced by the 

elimination of water. from strychnic acid; on the other hand, such 
elimination leading to the formation of a six-membered ring is 
qyite usual, and for this and other reasons we prefer formula Ifc 
If this formula be accepted as the skeleton of strychnine, there 
can be little doubt that desoxystrychnine, C 21 H 26 ON z , the product^ 
0 f the reduction of strychnine with phosphorus and hydriodic acid 
(p. 306), must be written : 


/Y^h/^cr 

I CH CH 

W \/ 

¥ CH 

CO N— 

\ / 


CH, 


CH CH„ 
■6h CH,, 

\/ ' 


CH, 


ch 2 

Desoxystrychnine. 


and this formula is in complete agreement with the properties o$ 
this substance. It exhibits desoxystrychnine as a derivative of tetra| 
hvdroquinoline, accounts for its conversion into desoxystrychnic 
acid, and for the behaviour of this acid, as well as of desoxy- 
strychnine itself, towards methyl iodide, nitrous acid, etc. j 

Similarly, the highest product of the hydrogenation of strychnine, 
namely, dihydrostrychnoline, C 21 H 28 N 2 (p. 306), will be represented] 
by the formula : 


ch 2 ch 2 


/ YY h / Y h * 


I 1 CH, CH 

O H 2 

\/\/ \/ N 

v/\ 

N ? H 

CH CH, 

CH, N 

‘CH CH, 

\ / 

\/ 

V 

ch 2 


Di hydrostrychnol ine. 

and the fact that further hydrogenation, without reduction of the 
benzene ring, ia impossible is well indicated by this structure. 

On the basis of skeleton formula II, it is possible not only to 
explain the recent important results of Leuchs (Ber. t 1908, 41 , 
1711), Leuchs and Schneider {ibid., 4393; 1909, 42 , 2494), and 
Leuchs and Weber (Z?er., 1909, 42 , 3703), but also to deduce a 
constitutional formula for strychnine which cannot be very far 
from the truth. 
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Leuchs and Ms collaborators find fihafc strychnine/ln oxidation 
in acetone, solution with permanganate, is 'converted’ into a keto- 
dibasic acid, strychninonic acid, which has the composition 

N:C 17 h 1s (:n*co)(co)(co 2 h) 2 . 

On reduction with sodium amalgam, this acid yields the corre- 
sponding secondary alcohol dibasic acid, strychninolic acid 
m C 17 H 18 (:N-C0)(CH-0H)(C0 2 H) 2 , and this substance, on treat- 
ment with dilute potassium hydroxide, is decomposed, yielding 
glycollic acid and strychninolone, a substance which 

possesses neither acid nor basic properties. An exactly similar 
series of products was also obtained from brucine under the same 
conditions. 

There can be no doubt that the formulas for strychnin onic and 
strychninolic acids suggested by Leuchs, which represent these 
acids as containing a tertiary nitrogen atom, are correct, and the 
absence of basic properties is amply explained by the presence of 
the two carboxyl groups. When strychninolic acid loses glycollic 
acid under the influence of alkali, the substance produced, 
strychninolone, is devoid of both acid and basic properties, and 
it is therefore obvious that, during its formation, mutual 
neutralisation has taken place between the two carboxyl groups 
and basic nitrogen atoms. Since two such atoms are required for 
this process, it follows that the section ’.N’COCHvN! of the 
original strychnine skeleton must have lost the grouping -CO’CH,*, 
and this is therefore the source of the glycollic acid: 

:n-co-ch 2 *n: + 2H 2 o=:nh+co 2 H‘CH 2 ‘Oh+hn:. 


The cause of the non-basic nature of one of the nitrogen atoms 
in strychnine is thus removed, and the two INH groups are now 
both basic and free to combine with two carboxyl groups to yield 
a neutral substance, such as strychninolone. 

The problem which still remains is to discover the process by 
which the structure: 


/\/\ n /\ 


NH C 


. V <? 

NH— C C 


can be broken up in order to supply two carboxyl groups in such 
positions tliat they can combine with the two 1NH groups to 
yield two neutral '.N'COv groupings. The following appear to b| 
the only two ways in which this can be satisfactorily accomplished : 
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... ^ -V (1.) V 

C CO>H 



\/\y'\/ G \/ G \ 

NH 9*9 9 

NH—C C 

\/ 

C 


C CO.H 

/vy 

i i v 

A ,NH V 


NH C 
CO..H-C- 


- 6\/6 


-CO 

I 


\/\/ \/ \/°\ 

N C 0 C 

I T T 1 

CO — C C\/C 

c 


(H.; 


NH C 

i 


C0 2 H 

\ 

CO,HC 


NH— Cy^yC 
C 


NH 0 
00,H NH 


C 

C. 


CO,H 

i 2 

£ 


C 0 

/\/\ c / \ r 

I ! Y Y 
,C £ 


N C 

i i 

CO N 


x co 

£ 


If now the hydrogen atoms and the carboxyl and other groups 
in strychninonic acid, N:C 17 H lg (IN , C0)(C0)(C0 2 H) 2 , are filled into 
the first formula of scheme I, it will be found that the complete 
expression must contain one double linking, whereas, if the same 
process is carried out in the case of scheme II, two double linkings 
■will be found to be necessary. This difference is due to the fact 
that, in developing scheme I from the skeleton formula of strych- 
nine, one closed ring suffers fission, whereas in the case of scheme II 
two closed rings suffer disruption. 
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If we consider, in the 
for strychninonic acid 
of scheme If, we arrived expressions 


^.formula 
letou formula 


OH CHj 


\/\ /C^/CO 

v 9°* H 

CO s-ch-[ch,].-00 2 h 

\/ 

ch 2 

( 1 .) 


and 


N 


CB. 

CH 

\/ 

CH 


OH, 


co n-c:ch 

\/ 


CHXEDCOoH 


CHn 


(II.) 


It can he shown in several ways that such formula cannot 
represent strychninonic acid, and the same is true of any other 
formulae built up on the basis of the first skeleton formula of 
scheme II, but only one reason for this need be given here. 

Strychninonic acid is obtained from strychnine by a simple per- 
manganate oxidation, and it must therefore be possible to recon- 
struct the formula of strychnine in a comparatively simple manner 
from that of strychninonic acid. If we select formula I, and 
•attempt to construct from it a formula for strychnine, we arrive 
at the expression : 

CH CH 2 

Y\Y\ri/ 

111' 2 
I I c v .CH CH 2 

\/\/ \/ \/ \ 

N c (f’OHCHj 

CO N— CH CH, 

\ / \ / 


CH, 


CH, 


which cannot be correct, because oxidation with permanganate 
would attack the double linking combined with the benzene ring, 
and it would therefore be impossible to obtain from this expression 
the formula for strychninonic acid from which it was derived, and 
the same line of argument applies equally to all other form v 
derived from the first skeleton formula of scheme II. 

Whilst, then, scheme II is out of the question, careful con- 
sideration shows that scheme I leads to the following expressions tor 
strychninonic acid and strychnine : 
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Si. ;dH ch 2 
n c cn 9H 2 
CO N—CH CH* 

\/ \/ 

CH* CO 

'Sirythnirumic acid. 




S^csi.ca 

■i A /CH CH,y 


vx yvn. vi 
y \/ \ s \ 

X C CH CH 2 

CO N — CH CH, 

\/ \/ 


ob 2 

Strychnine. 


CH-OH 


v ich seem to us to be in every way satisfactory, since they 
account in a comparatively simple manner for all the known 
reactions of these substances. From the several possibilities we 
we re led to select the positions assigned to the double linkings in 
tie strychnine formula for various reasons, and of these the follow| 
ne ed only be discussed. If the formula assigned to strych- 
ninonic acid is correct, the formation of this acid by the oxidation 
of strychnine clearly points to one of the double linkings occupying 
'the position marked a. The position b was selected for the second^ 
double linking, because this linking must be situated in a stable 
portion of the molecule, otherwise it would also suffer oxidatior| 
under the conditions employed in the preparation of strychninonic 
acid, and experience of heterocyclic systems has shown that th? 
*Auble linkings in nuclei, such as : 


-N C~ 
i T 
C O N- 


CH, 


i 

C 

/\ 

-N V 
OH-C N- 

\/ 

CH 


are not readily oxidised. Strychninonic acid is a keto-di basic - 
acid, and there can be little doubt that the keto-group is produced^ 
bv the oxidation of a secondary alcohol group; in other words^ 
the molecule of strychnine contains a :CH(OH) group (comparer 
Leuchs, Ber 1908, 41, 1711), and the difficult problem remaining 
to be solved is that of assigning the correct position to this group. 

It cannot occupy the position g f because this would make 
strychninonic acid a derivative of benzoylacetic acid, and f and 6 
seem also to be out of the question, for the reason that hydroxy- 
gioups in these positions would be y- and 5- to one of the carboxyl 
groups in strychninonic acid, and this acid does not appear to ■: 
have any tendency to yield a lactone. So far no definite experi- 
mental evidence is available to enable us to select with any 
certainty either of the remaining positions d or e, but we have 
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chosen c as the result of a comparison? o£ .strychnine with quinine 
and other natural produq^ in which a similar grouping occuts. 

This argument^ based on lactone formation, might appear to 
apply also to a hydroxyl group in the position c, but the 
examination of a model shows that a hydroxyl group in ^ 
position is too far removed from the carboxyl group to make 
lactone formation probable. 

The formula which we have suggested for strychninonic acid 
leads to the following expressions for stryehninolic acid and 
strychninolone : 


CH 9 co 3 h 
J co 2 h 

OH 1 2 
\ CHCH 9 


N C CH CH* and 

) i [ I * 


\/ \/ 

CH, CH-OH 


Sllrychninolic acid. 



C N CH*OH 


N C CE ? H Z 
CO-CH-CH CH, 


CH„ 


StrychninoJme. 


and these also appear to agree in a satisfactory manner with the 
properties of these substances so far as they have been investigated. 
A possible objection to the formula assigned to strychninolone 
is the stability of this substance towards oxidising agents, which 
may not be considered compatible with the presence of the ICH’OH 
group, hut, in our opinion, this argument does not cany much 
weight. 

It -has already been pointed out (p. 309) that brucine is di- 
methoxystrychnine, and the positions of the methoxy-groups in 
'^the benzene nucleus seem to be fixed by the observation of Leuchs 
and Weber ( Ber 1909, 42, 3709) that brucinolone is readily 
oxidised by nitric acid, with elimination of the methoxy-groups and 
formation of a quinone which crystallises in red needles, and 
yields a quinol on reduction with sulphurous acid. Since an 
o-quinone would hardly be produced under these conditions, it is 
probable that the substance is a p-quinone of the constitution: 


CHo 


CH — CO 
C N CH*OH 

v/ V \/\ 

N C CHCH. ; 

CO— CH— CH CH 2 


OH, 
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an d its formation ia a strong indication that the methoxy-groups 
^upy the position assigned to them in the following formula for 
brucine: 

MeO CH 2 CH 

,/\/\/\ 

CH CH 

I I 0 CH CH, 

\/\/\/\/\ 

MeO N C (j!H CH 2 • 

CO N— CH CH, 

\/ \/ 

CH 2 CII-OH 

Brucine, 


One other very interesting point in connexion with strychnine 
and brucine which we have already mentioned (p. 305 ) is the 
behaviour of these alkaloids on hydrolysis. When strychnine is 
digested with sodium methoxide or barium hydroxide, it yields 
stiychnic and isostrychnic acids: 

N5C 20 H s O<J O N;C m H m O<^ H , 

and these isomeric acids are converted by the action of heat into 
the isomeric alkaloids , strychnine and wostrychnine. Brucine 
exhibits an exactly similar behaviour. Strvchnic and wostrychnic 
acids resemble each other so closely in all their reactions that it 
might at first sight appear that they were simply stereoisomeric 
modifications of the same substance. The conversion of these acids 
into the isomeric strychnines is, however, scarcely in accordance 
with this view, and it is far more probable that the isomerism is 
due to a difference in the position of one of the double linkings iifj 
the molecule, probably in the sense represented by the formulae : 


CH 9 CH 

<j!H *CH 
C CH CH, 


NH C <j)H CH 2 
CO a HN— CH CH, 

\/_ \/ ^ 


CH, 


CH-OH 


Strychnic acid. 



\/ 

CH-OH 


iso Strychnic acid. 


If the formulae suggested for strychnine and brucine be examined 
wth the view of discovering some reason for the extremely poisonous 
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nature of these alkaloids, 



section to 

' AjilP- 

PCH 2 


uatuiw — 

which this property can he ascnh 
i ' 

-A' 

-? ?- 

CON- 

\/ 

CH 2 

■ (C.) 

containing the two nitrogen atoms. 

2214) has called attention to the raco <^»» 

(o-piperidone) (D) has poisonous properties of the same kind u 
those exhibited by strychnine and brucine, and it is not at aB 
improbable that the introduction of the second nitrogen at*® 
into this molecule may have the effect of much intensifying these 

poisonous properties. i 

We are at present engaged in synthesising substances containing: 
the above di-nitrogen group, and propose to have these examm«| 
in order to find out whether they have poisonous properties similar 
to those of strychnine and brucine. 


CO ch 2 

\ 4 , 

(D.) 

Schotten (Ber., 1888, 21, 
fact that o-ketopiperidite' 


II, 


_ Berberine , Corydaline , and Allied Alkaloids. 


The constitution of berberine, C^HAN. is generally accepted 
as being represented by the formula : 

O-CEL 


MeO CH 


/v 


lO 


MeO/\ / ^C //X V 


I 

N v 


JoHo 


CH (6h) C h 2 

and this formula is based on the investigation of the long sena 
jf products which result from the degradation of the > molecule bj 
oxidation with permanganate (Trans., 1889, 55, 63; 1890,57 

"the position of the methylenedioxy-group * is determined by tb 
fact that hydrastic acid (I) and <,-ammoethylpiperonylcarboxyU 

anhydride (II) are found among the products of this oxidation. 

MeO 

feO™. 82j>* “0^ 

; (I) Oh) (III,) 

* It is unfortunate that this group should have been wrongly placed in 
original papers.—' W. H. P., jun. 



MeOj 
MeO 


VsA/* 1 ' 


CH<4h,C!H, 


would also account for tlie formation of hemipinic acid on 
oxidation. 

On carefully considering this matter, it appeared to us that the 
only oxidation product of berberine which is able to afford definite" 
information as to the position of these methoxy-groups is terberali, 
(Trans., 1890, 57, 1000 and 1062). This substance, on hydrolysis, 
.yields opianic acid and (o-aminoethylpiperonvlcarboxylic an-1 
hydride, and conversely it may be synthesised by simply heating 
^-opianic acid and «j-aininoethylpiperonylcarboxylic anhydride at! 
180°. When this experiment was described ( loc . cit., p. 1079);] 
this important synthesis was assumed to take place according tof 
the equation : 


Me0 >(Il 


MeO 


i<2SL+S° 


CO.H NH-CH.-CH 


>C«H a <^>CH s - 


Me°>p jj <OH° 90 

MeO 2 CO N*CH 2 ‘Ctl 3 


>C fi H 2 <o>CH a + H»Q^ 


aud it was suggested (p. 1002) that the constitution of berbe$i 
mast be represented thus: 


MeO 

Meo/^CHO 


V 


!C0-N*CH 9 -cS Jo> CH 2' 


The formula for berberine itself, given at the commencement 
of this section, was largely based on this constitutional formula for 
berberal. ^-Opianic acid was first obtained as the result of these 
experiments on the oxidation of berberine, and, as it is difficult 
^ prepare in any quantity by this process, and no other method 
of preparation has yet been discovered, the -mechanism of its. 
oj^ensation with basic substances has not been investigated in 5 


If, however, the formulae of ^-opianic acid is compared with 
that of opianic acid, it will be seen that they are both o-aldehydo 
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acids, and differ only in the positions of these 




'•the methoxy-groups : 

MeO 

MeO^NcHO 

I^Mh 

^■0[iittnic acid. 


MeO 

Meo/NcOjH 

l^JCHO ’ 

Opianic acid. 


and as this is the only difference in constitution, it may be safely 
assumed that they will behave in an exactly similar manner when 
taking part in reactions characteristic of o-aldehydo-acids. 

Important evidence in support of this view ha s already been 
obtained, since it was shown in the earlier papers (Trans., 1890, 
57, 1081) that opianic acid condenses yith (c-aminoethylpiperonyl. 
carboxylic anhydride to yield a substance: 


MeO /CO N.CH,CH 

MeO^^CHO CO 


>c 6 h 2 <^>ch Si 


which has properties exactly similar to those of berberal, and was 
therefore named iso berberal. During recent years opianic acid has 
been the subject of detailed investigation, and the results which 
have been obtained necessitate a modification of our views as to 
the constitution' of isoberberal, and consequently of berberal and 
of berberine itself. Liebermann ( Ber 1886, 19, 2284; 1896, 29, 
175) has shown that opianic acid reacts with aniline in the cold 
to yield anilino-opianic acid, and expressed the opinion that, 
during this process, the opianic acid reacts as a derivative of 
hydroxyphthalide in accordance with the equation : 

MeO MeO CO 

+ nhj'c.h, = 


X/VO 

CH-OH 


CH-NH-CjH, 


and from the study of this and many other similar condensations, 
it is clear that, in condensations of opianic acid with basic sub- 
stances, it is always the carbon atom of the aldehyde group which 
is attached to the nitrogen atom in the final product. There can 
be little doubt that a similar process takes place when opianic 
acid reacts with w-aminoethylpiperonylcarboxylic anhydride to yield 
isoherberal, and the constitution of this substance is therefore not 
that originally assigned to it (p. 319), but must be modified to: 


MeO CO 


MeO; 


0 ^CO, 


/ V 0 ' 


L>CH 2 . 


woBerberal. 
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Furthermore, since ^-opianic, acid is 30 exactly similarly con- 
stituted to opiahic acid, and exhibits iu all its reactions so close 
an analogy with this acid, it cannot be doubted that, when it 
condenses with basic substances* it also reacts in a similar manner; 

It follows, therefore,' that in the formation of berberal by the 
condensation of i/'-opianic acid with w-aminoethylpiperonylcarhoxylic 
anhydride, the aldehydic carbon atom of the ^-opianic acid becomes 
combined with the nitrogen atom, and the constitution of berberal 
must therefore be represented by tbe formula: 



CO 

Berberal. 

and not by that originally assigned to it (p. 319) * 

This new expression is in complete agreement with the properties 
of berberal, and its acceptance involves the alteration of the 
position of the methoxy-groups in the old berberine formula 
(p> 318), so that the constitution of the alkaloid must now be 
written (compare p. 319): 



Me 0 wV/ CH * 

MeO CH (OH) CH 2 
Berberine. 

The actual mechanism of the condensation, of opianic acid or ^-opianic acid with 
bisic substances is probably not so simple as that suggested by Liebermann [be. 
eft). When the syntheses of berberal and woberberal were described (Trans., 1890, 
57, 1080 and 1082), it was proved that in both eases the first step is the formation 
of the salt of the acid with the base. Thus, for example, ^-opianic acid combines 
with «- am inocthy Ipi peronylcarboxylic anhydride to form the salt, 


{MeO) a C 6 H 2 < 


/Ov 

[ ’< 0 > CH * 


Ns C0 , 0'NH 2 , CH 2 * CH/ NX 

tfhicli, when heated at 180°, yields berberal. Most probably aldol formation first 
! P laue durir >g this change, followed by rearrangement according to the scheme : 


(MeO) a C 4 HX 




(MeO) 8 C 6 H/ ' 


6 N)/ 2 

CO CO ,Ov 

(MeO) s C 6 H/)0 ) >C 6 h/ VjH* 

; * n CH N-CHj'CH/ \X 

The synthesis of woberberal takes place in an exactly similar manner, and it is 
jy probable that all such condensations between opianic acid or 1 )/- opianic acid and 
° astc ^stances proceed on similar lines. 
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$ 


The formation' of berherll|^|_ 
«•* ^sy to understand, and evidentty 

^Jcteme : 


lenue is now 
g. to the 


o-^h 2 


Meol a ii 

\Ach=n ch 2 

MeO \\/ 

I ch 2 

(OH) 


— > 


MeOl^ 
MeO 


A?’ 

at 


\CH(OH)-N CH. 

\/ ‘ 

OH, 


0— CH,» 

Ao 


MeO! 
MeO 


00 CO | 

0 N CH a 


CH CHo 


iThe salts of berberine are derived' from the hydroxyl formula’ 
yiven above (compare J. Gadamer, Arch. Fharm 1905 , 243, 31), 
mt there is reason to believe that the alkaloid itself exists in the 
^responding aldehyde modification. Gadamer {Chem. Zeit 1902, 
26, 291) has shown that, when berberine sulphate is treated with 
barium hydroxide, it yields a brownish-red, strongly alkaline solu- 
tion, which doubtless contains the hydroxy-modification of berberine. 
If, however, this solution is mixed with excess of sodium hydroxide, 
a yellow modification of berberine is obtained, which apparently 
has the properties of an aldehyde, and Gadamer has named tbs 
modification berberinal The constitution of this modification, 
based on the new formula for berberine which we have 
will be the following: 

o-ch 2 

AO 

OH f I 


MeO[ 

MeCf CHO 


C 

CH„ 


CH„ 


Berberinal, 

Berberinal ^felds an oxime, reacts with magnesium alkyl iodides 
with format£p%f homologues of berberine (Freund and Beck, Ber., 
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1904 , a, large excess^: 

D£K^^^^le ,<f grouping being^^^^ 
verted into *CH 2 (OH) and *C0 2 H in the manner cbarSctdlS^^^S 
jjomatic aldehydes. . _ . ■' " j; 

The proposed modification of the positions of the methoxy-groups 
jn the berberine formula receives further confirmation from tbe| 
consideration that berberine occurs along with hydrastine .ing’ 
tydrastis canadensis, and the close relationship between these - 
alkaloids becomes very striking if the new formula for berberina^ 
is placed by the side of that of hydrastine: .** 


0~CH 2 

/\<y 

ch | r 

/\/\ c /\/ 

I ! Y : 

M C ^\/\ / CH ^ 

MeO CHO CH 2 

Berberinal. 


MeO 
MeO 


0-CH„ 

A6 

! I 
CH /Y 

of 

NMe Irifr 
\ / Utl 2 

OH, 


CO 


Hydrastiue. 


These alkaloids are, indeed, so closely related as to suggest thaj| 
hydrastine is either formed in the plant from berberine, or that'; 
they are both derived from some common parent. 


The University, 

Manchester. 
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1904. 37j|8S§|$i|PP9$ » large oxccs 

0 f alkaHO? ' w. r dihy&robeitoerine;, and .simultaneously 
oxidised to hydroxy berberine, the aldehyde" grouping being con- 
verted into *CH 2 (OH) and’-COgH in the manner characteristic of ; 

aromatic aldehydes. ^ '* ” 

The proposed modification of the positions of the m ethoxy-groups 
hi the berberine formula receives further confirmation from the 
consideration that berberine occurs along with hydrastine in 
hydras tis canadensis, and the close relationship between these 
alkaloids becomes very striking if the new formula for berberinal 
is placed by the side of that of hydrastine : 


Me(X 


CH 

/\/% 
i i 
! ! 


0-CH 2 
e\ I 
|0 


c 

NH 

\ , 


i 

lcH„ 


MeO CHO CH„ 

Berberinal. 


o-ch 2 

<y 

0K /\/ 

,, J I 0 

Me0 \/\! ™VCH, 

MeO CO \/‘ 3 

ch» 


Hydrastine. 

These alkaloids are, indeed, so closely related a.s to suggest that 
hydrastine is either formed in the plant from berberine, or that 
they are both derived from some common parent, 

Thp University, 

Manchester. 


XXXI V , — Decomposition of Dimercurammonium Nitric 
by Heat . 

By Prafulla Chandra Ray and Atud Chandra Ghosh. 

The preparation of dimercurammonium nitrite has been already 
described at some length (Trans., 1902, 81, 644), and evidence has 
been adduced in support of the view that it is a derivative of, 
:ammoniinn nitrite. . . 

The solution of sodium mercuric nitrite, from which it is obtained 
hy the action of ammonia, does not contain mercury as cation, 
hut as part of a complex anion ; it does not, ther^ro, undergo the 
hydrolysis so characteristic of oxylic mercuric salts, and has presumably 
a uou-oxylic constitution. Two samples of tho salt were prepared, and 
dried at 95° for analysis : 
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Found : Hg = (I) 8 VI*. '> W o' 1 ! 1 * N 8 ‘J 6- 
NHg,N0,,JH,0 requires Hg =85-29. N-=S'97 percent. 

MM of Experiment. — Rom 0-2 to 0-6 gram of salt was placed in 
a small bulb the drawn-out stem of which was connected with a 
Spreneel pump. A preliminary trial proved that the salt commenced 
to decompose, although very slowly, at about U0°, and that even at 
■ 210° a portion of it remained undecomposed. The bulb was therefore 
cautiously and gradually immersed in a bath of molten sodium aed 
potassium nitrates, mixed in about equal proportions (m. p. 218°). 
The temperature was slowly raised to 250°, when no more gas wa, 
evolved the “click” in the fall-tube remaining persistent. Raising 
tbe temperature to 280° made no difference in this respect. The pa 
which was evolved was found to consist of a mixture of nitrous oxide, 
nitrogen, and oxygen ; nitrous fumes were not noticed ; in fact, the 
mercury in the fall-tube was not in the least tarnished, nor could 
even a trace of nitric oxide be detected. If, however, the bulb 
suddenly plunged in a bath previously heated to 22o , the mode of 
decomposition was slightly different. Mercury in the shape of Sue 
dust was at once deposited on the glass, and in the gaseous mixture 
nitric oxide could be recognised. 

The nitrous oxide was removed by alcohol, and sometimes b, , 
repeated shaking with cold water, until no more absorption toot 
place. The oxygen was in some instances removed by alkaline pyro- 
vallate, but generally by means of phosphorus. The residue m the 
bulb was of a greyish-yellow colour ; it consisted mainly of mercuric 
oxide with a small proportion of mercuric nitrate. This was proved 
by boiling the mixture with a solution of sodium hydroxide, ibe 
filtrate indicated the presence of nitrogen in the form 0 nitra ■ 
Metallic mercury, both as a mirror and in fine globules, was deposit! 
in the stem of the bulb. More than a dozen experiments were 
performed, the results of . some of which are tabulated below : 



Free ” 

N aa 

FT as 


Total O 
iu the 

Hg as 


K. 

NoO. 

Hg(N0 3 } 3 . 

, Oxygen. 

salt. 

Hg(N 0 3 ) s 

I. 

3-21 

1*55 

1*21 

0-21 

6*82 

8*64 

11 . 

3-17 

1-48 

1*32 

0*17 


9*43 

III. 

3-43 

1-44 

no 

0*22 

— 


IV. 

3*53 

1-60 

0-84 

0*34 

— 

6*00 

V. 

3T3 

1-52 

0*72 

0-25 

_ 

5*14 


In those experiments in which nitric oxide was 


Hg as “ Free” 

HgO. Hg. 

57-20 W‘« 

55-31 20-55 

62* W 8 

63*31 16' 8i 

obtained, the 


nitrogen was distributed as follows : 


“Free" N. 
r I. 2 54 

II. 3*22 

III. 269 


K as T7 2 0. 

N as HglNOjV 

1*03~ 

2*31 

2*24 

0*29 

1*95 

0*95 


N as NO. 
0-09 
0**22 
0-38 
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Discussion (^ iRw^^It Jbai^eady been pointed out that the 
y^Q^d^vativea.^ -ill© mercurammonium group .(XHg 2 -) may be 
regarded as non-oxytic in constitution, since they decompose under the 
fltion of heat according to the equation : 

2 NHg 2 X - N, + 2Hg + 2HgX,* 
where X = Cl or Br. 

prom analogy, one would naturally expect that the nitrite of the 
series should decomposers follows : 

2NHg 2 N0 2 « X 2 + 2Hg + 2HgN0 2> 
and that the mercurous nitrite thus formed, being unstable at this 
temperature, would yield its own products of decomposition (compare 
Pay and Sen, Trans., 1903, 83, 491). We have repeated the 
experiment on the decomposition of mercurous nitrite. The initial 
temperature of decomposition has been found to be almost the same 
46 that of dimercurammonium nitrite, namely, 140°, and it is completed 
at 247°* In order to protect the mercury in the Sprengel pump from^ 
being soiled, a glass spiral, packed with glass beads and moistened 
with sodium hydroxide solution, was interposed, as in some of the 
previous experiments (compare Trans., 1905, 87, 180), The gaseous 
product which was collected was found to be nitric oxide. Moreover, 
had dimercurammonium nitrite decomposed according to the equation 
given above, exactly half the nitrogen would have been given off 
as “free” nitrogen, but it varies from 3*2 to 3’7 per cent. The 
formation of nitrous oxide is rather remarkable. The reaction 
evidently seems to proceed in three or four directions simultaneously, 
which may be expressed by the following equations : 


NHg a Np 2 =N 2 + 2HgO (1) 

(compare NH 4 N0 2 = N 2 + 2H 2 0) 

NHg..N0 2 = N 2 0 + Hg0 + Hg : (2) 

NHg 2 N0 2 = N 2 + 2Hg + 0 2 (3) 


3NHg 2 N0 2 =» Hg(N0 3 ) 2 + 2N 2 + 5Hg . . . . (4), 

We are at present engaged in studying the decomposition of 
dimercurammonium nitrate, in the hope that further light may be 
thrown on these points. 

Chemical Laboratory, 

Presidency College, Calcutta. 

Hay, “ Studien iiber die Konstitution der Himerkw ammonium Salzo ” ( Zcitseh . 
'*norg. Qhm 1902, 33, 193; also,. Sen, ibid., 197). 
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Double Nitrites of Mercury and theMeUds 
of the Alkaline Earths, 

By Brafulla Chandra Ray. 

jjjj.-.a previous communication a general method of preparation of 
the double nitrites of mercury and the alkali metals has been described 
(Trans., 1907, 91, 2031). Recently it has been found that this method 
is equally applicable to the preparation of the corresponding mercuric 
calcium, mercuric strontium, and mercuric barium nitrites. R or instance, 
if a solution of calcium nitrite is added to & perfectly clear solution of, 
mercuroso-mercuric nitrite, (HgN0 2 ) 2 ,4Hg(N0 2 ) 2 , almost immediate 
turbidity is caused, due to the separation of metallic mercury in a fine 
j&ite of division. The explanation already given (loc, dt.), namely 
that “the process of dissociation is accelerated, because of the tendency 
of one of the products of dissociation, namely, mercuric nitrite, to 
unite with the alkali nitrite,* admits of further amplification. It is 
the tendency to form complex ions that is really the motif of the 
reaction. A solution of potassium mercuric nitrite, K 2 Hg(M)j)J 
contains mercury, not as a cation, but as part of a complex bivalent 
anion, Hg(N0 2 ) 4 .* Hence, such a solution behaves as a neutral one, 
and can be diluted ad infinitum without undergoing the hy drolyeis, so 
characteristic of the oxy-salts of mercury, for example, mercuric 
nitrate. This also explains the singular behaviour which I noticed 
some twelve years ago (Zeitsch. anorg. Chern . , 1896, 12, 367), namely, 
tjbat carbamide does not precipitate the mercury from the solution, 
ot a solution of sodium sulphate give the characteristic precipitate af 
turpeth "mineral 

Method of Preparation . — The light yellow solution of the double 
nitrites is evaporated under diminished pressure over sulphuric acid. 
As a rule, crystallisation of the salts does not take place, but 
a syrypy liquid is obtained, which, on being stirred with a rod, 
solidifies entirely, with the formation of mealy crystals and liberation 
of heat. In fact, the characteristic behaviour of supersaturated 
solutions is noticed. As the crystals were very soluble, they were 
washed with the minimum quantity of water, and dried by pressure 
between folds of bibulous paper. If the salts are preserved m 4 
stoppered bottle without being well dried, they slowly decompose, with 
evolution of nitrous fumes ; but if they are kept in the open bottle 
in the desiccator, they remain perfectly stable (compare mercuric 

* Hans Pick, fl Beitrage zur Characteristik des Nitrit-ions. Der Quecksilber 
nitrit*komplex ” (i Dm, Breslau, 1908). 
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Mercuric Calcium Nitrite. 


Found: Hg— 38*21; Ca— 7*96; N = 10*98. 

Hg(K0 2 ) 2 ,Ca(N0 2 ) 23 5H 2 0 requires Hg= 38*91 ; Ca = 7*78;> 
N = 10*90 per cent. 


Mercuric Strontium Nitrite. 

Found: Hg = 44*58 ; Sr=13*08; N-1M7. 

3 Hg(N0 3 ) 2i 2Sr(N0 2 ) 2J 5E 2 0 requires Hg-45*31 ; Sr = 13*18 ; 

N * 10*57 per cent. 

Mercuric Barium Nitrite. 

Found: Hg = 39-88; Ba- 19*80; N = 10-55. 
3Hg(N0 3 ) 2 ,2Ba(N0 2 ) 2 ,5H 2 0 requires Hg = 42*13; Ba = 19’24; 

N = 9’84 per cent. 

;/fhe preparation of the last two salts was repeated, but the com- 
position was practically constant. The low percentage of mercury 
and the proportionately high percentages of barium and of nitrogen 
in the last one are probably due to the Bubstance being invariably 
contaminated with traces of mother liquor containing excess of 
the nitrites of the latter metal. 

On comparing the whole .series of double nitrites, it is of interest to 
note that the power of mercuric nitrite to unite with the nitrites of 
the alkali metals is the greater the less the atomic weights of the 
latter. Thus, mercuric nitrite can combine with four molecules of 
Hthium nitrite and with three molecules of potassium nitrite, although 
it also forms characteristic stable compounds with two molecules of 
either sodium or potassium nitrite. On the other hand, it 9°®!^ 
bines molecule for molecule with calcium nitrite. Again, one 
molecule of mercuric nitrite can combine with only two-thirds of a 
nolecule of strontium or barium nitrite. Cryoscopic determinations 
if the molecular weights of the above salts have been undertaken 
vith the view of throwing light on their constitution, the results of 
vhich I hope to communicate shortly. 

Chemical Laboratory, 

Presidency Cqllkgb, Calcutta. 
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XX3C VT — The Constitution of the Amidines. A K ew 
Method for Determining Molecular Symmetry, 

By Julius Berend Cohen and Joseph Marshall. 

H. ton Peoiimann ( Ber 1895, 28, 869) made the observation that 
the amidine (I) prepared from benzanilide iminochloride and p-toluidine 
was identical, so far as could be shown by comparison of melting points 
and other physical properties with the amidine (II) obtained from 
beozoyl-p-toluidide iminochloride and aniline. 

C v H 7 *NH-CPh:N-C 6 H v C 6 H 5 ‘NH-CPh:X-C 7 H ? . 

(I.) (II) 

The product obtained by the ethylation of this substance was shown 
to be a mixture of two ethyl derivatives in equal quantities, and these 
were separable by mechanical means. This fact may indicate, either 
that the original amidine is a mixture of equal quantities of the sub. 
stances represented by (I) and (II), or that it has a varying structure 
caused by the oscillation of the hydrogen atom marked* in the 
formula between the two nitrogen atoms. 

In cases where the two bases differed in character from each other, 
von Pechmann obtained quite different results. Using (a) methyl 
benzamide iminochloride and aniline, and (6) benzanilide iminochloride 
and methylamine, he obtained, as before, the same product in each case, 
but methylation of this substance produced only one methyl derivative. 
This was found to be identical with the amidine obtained by combining 
methylbenzamide iminochloride with methylaniline, indicating that 
the amidine prepared either by method (a) or (6) had the constitution 
represented by (III), and that a substance with the formula (IV) was 
not produced at all. 

CH a *N :CPh*NH’C 6 H 5 . CH 3 -NH-CPh:N-C fi H s . 

• (III.)' (IV.) 

The present investigation was undertaken with the view of deter- 
mining whether the introduction of optically active groups into the 
amidine would afford a more delicate means of distinguishing between 
the products of the two reactions in the event of their being indistin- 
guishable by other means. The optically active base used in most of 
the experiments was Z-menthylamine, as being easily obtainable in large 
quantities (Tutin and Kipping, Trans., 1904, 85, 69), The benzoyl 
derivative of m&athylamme was converted into the iminochloride and 
allowed to react with the second base, and the amidine obtained is 
this way was compared with that prepared from the iminochloride of 
the benzoyl derivative of the second base and menthylamine. ^ 
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other p-toluidine, and ethylamine. 

It was foum itokt' ln' all cases .the pairs of anudines had exactly the 
game specific rotations, melting points, and oillr physical properties. 
Xt was also shown, by ethylation of some of 'the amidines, that they 
were single substances and not mixtures, as only one ethyl derivative was 
formed in each case. These ethyl derivatives were also synthesised, 
and it was proved that the constitution of the amidine containing 
phenyl and menthyl groups is represented by (V), and that containing 
ethyl and menthyl groups by (VI). 

O,H 5 ’NH*CPh:N*C 10 H l0 . C 2 H 6 -NH-CPh:N*C l(> H l5 . 

OM (Vi.) 

These experiments confirm the observation that marked difference 
in character of the radicles causes the formation of one and the same 
product in the two reactions, and there is no indication of any 
equilibrium mixture, as in the case where the radicles are of the same 
type. It is interesting to note that the hydrogen atom is in all casek 
attached to the nitrogen atom in the less basic group. 

It was then thought that it would be of interest to prepare an 
amidine in which the two bases were enantiomorphous. In such a case 
according to von PeehmaDn, a mixture of two substances would be 
obtained of the types (VII) and (VIII). 

XHR-CPh.’NR. NHR'CPhrNR. 

(VII.) (VIII.) 

These should be produced in equal quantities, and hence any optical 
activity due to (VII) would be counterbalanced by that due to (VIII), 
and the product should be inactive. This was found to be the case, 
the bases used being d - and ^-bornylamines, which are easily obtained 
by Forsters method (Trans., 1898, 73, 390) from the corresponding 
camphors. Ethylation of the amidine produced one inactive ethyl 
derivative. It was conceivable that if the amidine were a mixture 
of two substances represented by formulae (IX) and (X) : 
(f)C 10 H ir *NH-CPh:N*C 10 H lt (d) (0O 1(> H ir N:CPh*NH-C l0 H n (d) 

( Ix -) (X.) 

it might be possible by crystallising it with an optically active acid to 
obtain fractions which would, after removal of the acid, be active. 
The amidine was combined with Reychler’s d-camphorsulphonic acid, 
and the salt crystallised several times from hot light petroleum. The 
specific rotations of various fractions were then determined, but they 
ffere found to be practically identical. After removal of the acid, the 
recovered amidine was inactive, Similar experiments were carried 
out with the ethyl derivative, but no resolution of the amidine could 
he detected. 

It is proposed to extend to other classes of compounds this method 
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engaged in nitrojeu 

by thS aid of this method. 

AiwJfe.'-..’* 

Experimental. 

C 10 H l9 *N.C(O 6 H 5 )‘NH‘C 6 H 5 , was pre- 
pared by boiling in light petroleum the iminochloride obtained from 
Si ./grams of benzanilide with 7*5 grams of /-menthylamme. The 
mcnthylamine hydrochloride which separated was collected, the light 
petroleum removed, and the gummy residue extracted with dilute 
hydrochloric acid. To the filtered acid solution, sodium hydroxide 
was added, and the amidine extracted with ether. It was^crystallised 
from alcohol, and formed fine needles melting at 110 111 : . 

^0*5072 in 20 c.c. chloroform gave, in a 2-dcm. tube, a D - 7*4G°;‘ 
fe whence [a]g -146°. 

| The same compound was obtained by boiling the light petroleum 
solution of the iminochloride from 5 grams of benzoylmenthylamide 
t^th 3-6 grams of aniline. The hydrochloride of the amidine which 
separated was collected, washed with a little more ether, and decora- 
posed with sodium hydroxide. The compound obtain©^ after recrys- 
tallisation from alcohol melted at 110-111°, and a mixture of thi| 
substance with that obtained in the previous experiment had the same 
melting point : 

0*5104 in 20 c.c. chloroform gave, in a 2-dcm. tube, a D — 7*44°; 
whence [a]}f - 146°. 

0*2054 gave 15 c.c. N 3 at 15° and 750 mm. N = 8*61. 

C 2S H 30 N 2 requires N = 8*39 per cent. 

The hydrochloride , prepared from both specimens, melted at 224°, 
and formed long needles when crystallised from dilute alcohol. It m 
only slightly soluble in cold, but fairly so in hot, water. 

The platinichloride was precipitatod in a crystalline condition y 
adding platinic chloride to a dilute alcoholic solution of the hydro- 
chloride. It melts at 213° : 

0*5504 gave 0*0998 Pt. M.W. of amidine -333. 

C 23 H 80 N 2 requires M.W. - 334. 

*• Ethylation of Phenylmenthylbenzamidim. 

2*3 Grams of the pure amidine were heated on the water-babh for 
ten hours with an excess of ethyl iodide, the latter being then dirtUH. 
The residue, ‘consisting of the hydriodide of the ethylated ami in 
crystallised, and was decomposed with sodium hydroxide. After W* 
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pure substance were 
at: 66 — 67°. T be# 


0*3596 in' 25 c e. chloroform gave, in a 2-d«m. tube, a D - llv^S 9 
whonce [a]o — 392°. 

0*6260 in 25 c.c. chloroform gave, in a irauz-acm. tune, , 

whence [a]if -391°. 


This amidine was also produced by treating benzoylinenthylanii^e,; 
iminochloride with ethylaniline. The characteristic plates, melting at 
gg 67°, were obtained : 

0*4611 in 25 c.c. chloroform gave, in a 2-dcm. tube, [a] D - 14*17° 
whence [a]g°-392°. 

0-2164 gave 14*55 c.c. N 2 at 15° and 749 mm. N = 7*92. 

C 25 H 34 N 2 requires N = 7*73 per cent. 


The hydrochloride was not obtained in the crystalline condition, 
only as a sticky mass, soluble in water. The hydriodide crystallises Sf 
prisms, melting at ^20°. The platinichloride was precipitated from ^ 
aqueous solution of the hydrochloride, and molted at 151° : 

0-5756 gave 0*0980 Pt. M.W. of amidine = 368. 

C 25 H S4 N 2 requires M.W. = 362. 


Phenylmenthylethylbenzamidine . 

For purposes of comparison, the amidine from benzanilide imino|| 
chloride and ethylmenthylamine was prepared. It crystallised from 
alcohol, in which it was much less soluble than the preceding substances : 
in needles melting at 157° : 

0*7436 in 25 c.c. chloroform gave, in a 2-dcm. tube, a P -3*6° ; 
whence [a]Jf - 60*5°. 

0*1645 gave 11 c.c. N 2 at 20° and 762 mm. N = 7*73. 

C 25 H 34 N g requires N = 7*73 per cent. 

The hydrochloride was insoluble in cold water, and crystallised from 
ilcobol in needles melting at 280°. 


o -Tolylmen thylbenzamidine , C(C 6 H g ) • N H * C 7 H 7 . 

This substance, prepared from benzoyl-o-toluidide iminochloride and 
nenthylamine, was isolated as the hydrochloride by saturating with 
Iry hydrogen chloride the light petroleum solution from which the 
precipitated menthylamine hydrochloride formed in the reaction had 
been separated. The precipitated gummy mass was crystallised from 
alcohol and decomposed with dilute aqueous sodium hydroxide. The 
amidine crystallises from alcohol in needles melting at 106 — 107° : 
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0-3391 in 25 c.c. chlorttforca .2*85°- 

whence [c$ - 105V ‘ 

v jphia amidine was also prej^red from benzoylmenthylamide 
chloride and o-toluidine, the hydrochloride lof the amidine separating 
from the light petroleum almost quantitatively : 

0*6264 in 25 c.c. chloroform gave, in a 2-dcm. tube, a D — 5*26° • 
whence [a]o* -105°. 

0*2044 gave 13*9 c.c. N 2 at 11° and 750 mm. 25T~8*13. 

C 24 H 32 N 2 requires N — 8*05 per cent. 

The hydrochloride crystallises from alcohol in small, rectangular 
plates, melting at 218°, and is scarcely soluble in water. 

The platinichloride was obtained as a crystalline powder : 

0-5654 gave 0-1005 Pt. M.W. of amidine -344. 

* C 24 H a2 N 2 requires M.W. = 348. 

m-Tolylmenthylbenzamidine was isolated in a similar manner to the 
o-tolyl derivative from benzoylmenthylamide iminochloride and 
m-toluidine. The base crystallises from alcohol in needles, and melts 
at 89— 90°: 

0*6268 in 25 c.c. chloroform gave, in a 2-dcm. tube, a D -7*13°; 
whence [a]j> 4 * - 142°. 

The amidine from benzoyl-r/i-toluidido and menthylamine had the 
same melting point : 

0*6118 in 25 c.c. chloroform gave, in a 2-dcm. tube, a D -6-98°; 
whence [a] 1 / - 143°. 

0*2090 gave 1 4*4 c.c. N 2 at 13’5° and 751 mm. N = 8*18. 

C 24 H 82 N 2 requires N = 8*05 per cent. 

The hydrochloride crystallises from alcohol, and is only very slightly 
soluble in hot water. It melts at 232°. 
v The platinichloride forms very small needles, which melt at 21 7 9 : 

0*5603 gave 0 0991 Pt. M.W, of amidine = 346. 

, C 24 H S3 N 2 requires M.W. = 348.. 

p -Tolylmmthylhenzamidine, isolated in the usual way from benzoyl 
menthylamide iminochloride and ys-toluidine, crystallised from alcohol 
in stout prisms, which melted at 63 — 68° even after several 
recrystallisations : 

0-6252 in 25 c.c, chloroform gave, in a 2-dcm. tube, a fi -6’55°; 
whence [a]]>* - 131°, 

5«peated crystallisation had no effect on this value. 'When 
prepared from benzoybp-toluidide and menthylamine, the same rather 
indefinite melting point was observed : 

0*6231 in 25 c.c. chloroform gave, in a 2-dcm. tube, a D — 6*54° ; 
whence [a]!, 4 ’ - 131°. 
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0-2069 N * 7*94. 

" requires N «8;05 per cent ,. rf 

The hydrochloride crystajjised from aUbhol in small needles melting 
^ 225°, and the piatinicMoride , obtained as a crystalline precipitate, 
melted at 208° : 

0-2700 gave 0*047 4r Pt, M.W. of amidme = 350. 

C 24 H 33 N 2 requires M.W. = 348. 

Menthylethylbenzamidine, c 10 h 1d -n:c(c 9 h s )-nh-c 2 h 5 . . 

This substance was prepared by treating a light petroleum solution 
of ethylamine (2 mols.) with the calculated quantity of benzoylmenthyl- 
amide iminochloride. The ethylamine hydrochloride was collected, 
(mi, after removal of the light petroleum, the gummy residue was 
boiled with dilute sulphuric acid. The clear solution of the sulphate 
was treated with a concentrated aqueous solution of potassium iodide*. 
Kid the precipitated iodide was separated and decomposed with sodium" 
hydroxide. The amidine solidified after removal of the ether used in 
its extraction, but all attempts at recrystallisation were unsuccessful. 
The substance melted at 65 — 67°. It was purified by conversion into 
the iodide, which was again decomposed. No alteration in the melting 
point could be observed : 

0*6282 in 25 c.c. chloroform gave, in a 2-dcm. tube, a D - 5*63° ; 
whence [ajf - 112°. 

The amidine was also prepared from ethyl benzamide iminochloride 
and menthylamine, and this specimen had the same melting point : 

0*6240 in 25 c.c. chloroform gave, in a 2-dcm. tube, a D —5*57°; 
whence [a]jf - 112°. 

0*2133 gave 16*9 c.c. N 2 at 13° and 750 mm. N = 9*49. 

C 19 H 30 N 2 requires N — 9*80 per cent. 

The hydrochloride wets only obtained as a sticky mass, which 
was very soluble hi water. The hydriodide, which was much lesd 
soluble, was not obtained in a crystalline condition. 

The platinickloride formed microscopic plates, melting at 218° : 

0*4816 gave 0*0968 Pt. M.W. of amidine - 280. 

CyEI^Ng requires M.W. => 286. 

Four grams of this amidine were boiled for ten hours with ethyl 
iodide, and, after distilling off the excess of alkyl iodide, the hydriodide 
of nwntkyldiethylbcnzamidine which remained was reerystallised from 
water and then converted into the amidine. On crystallisation from 
alcohol, this formed small, rectangular plates, melting at 31 — 32°: 

0*4756 in 25 c.c, chloroform gave, in a 2-dcm. tube, a D - 6*53° ; 
whence [a]jf - 172°. 
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This substance was 
-with the - amifUqe „„„ 

■ -•• -wm 

^tp470jj in 25 c.o. chloroform gave, in a 2-dcm. tube, «g — 6 - 470 . 

ppfrfcence [a]{f - 172°. 

JChe hydrochloride was not crystalline, but the kydriodide crystal 
from water in fine needles, which melted at 155°, 
r jd$iinichlori(l6 melts at 180°. 

^Before the enantiomorphous bornylamines were selected for use in 
ihe final experiments, several attempts were made to prepare other 
^enantiomorphous bases. 

U i-Dihydrocarvylamino was prepared from d-carvone by reduction 
hf the oxime with sodium in alcoholic solution (Wallach, Ber., 1891 
24, 3984), and the l»vo-base was obtained from eMimonena by way 
Iflf. the nitrosochloride and Z-carvoneoxime. The benzoyl derivatives 
^were prepared, but it was found that during the reaction of 


pentachloride with these substances, hydrochloric acid is added onto 


the molecule, and hence the use of an unsaturated base was out of the 
^question. 

As the enantiomorphous carvones are easily obtained, it ws « 
thought that the carvomenthylamines prepared by the same methods 
from each of these carvones would answer our purpose. Accordingly, 
some time was spent in attempts to obtain these bases in quantity, 
^eyer's method (Her., 1893, 26, 822) was first tried, but as very 
^Unsatisfactory yields were always obtained, the method was 
abandoned. 


vd Attempts were made to reduce dihydrocarvylamine to tetrahydro- 
carvylamine by Sabatier and Senderens 7 method, but, although 
reduction took place to some extent, the reduced product was inactive, 
iNext, 2-amino- l-methylc^/cfohexane was prepared from 1-methylcycfo- 
hexan-2-one, obtained from o-cresol (Sabatier and Mailhe, Cmpi. 
rend., 1905, 140, 350), and an attempt was made to resolve this 
base by fractional crystallisation of the d-camphorsulphonate. No 
satisfactory results were obtained. 

Finally, the two bornylamines were prepared. The active benzoyl 
derivative melts at 139°, and the inactive substance at 144°. 


d~Bomyl-l-bornylbenzamidine. 

The iminochloride of benzoyl-Z-bornylamide was prepared in the 
usual way, and treated with a light petroleum solution of d-bornyl- 
amine^ The amidine was isolated and crystallised from alcohol, from 
which it eepgMied in small prisms (often in stellate clusters), melting 
at 


885 
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ia every reBpect 
ilfilsochloride and 


^bomyfeminer 

0*2013 gave 12*4 c.c. N 2 at 12*5° and 731 mm. N =*>7*15. 

J S 40 N 2 requires N = 7*1 4 per cent. ; 4 

crystallises from ether in long needles, which 
melt at 297°. It is very soluble in alcohol. The platinicMoti0* 
melts at 215°. The sulphate was obtained as fine needles from dilute! 
alcohol, and melted at 138°. The hydriodide is insoluble in watery 
crystallises easily from absolute alcohol, and melts at 262°. : '=;||| 

The d'Camphorsulphonale was prepared by mixing molecular! 
proportions of the amidine and acid dissolved in ether and alcoholl 
nspectively. The salt was crystallised several times from light** 
petroleum, and melted at 205—206°: ' 

1-0353 in 25 c.c. alcohol gave, in a 2-dcm. tube, a D +1*34°; whence! 

[a]tf +16*2°. ’ . ^ 

The salt was further recrystallised, but the melting point was nof| 
affected, and a determination of the specific rotation gave 16*4°. '&A 

second crop of crystals had a slightly lower melting points andrNraj 
specific rotation of 15* 4°. 

A quantity of the salt was mixed with ice- water, cold ether and $ 
jold sodium hydroxide solution added, and the ethereal solution of the ? 
unidine was immediately polarimetrically examined. No rotation ■ 
Muld be observed. ”*■ 


Ethylation of d-/>ornyl-]-bornylbenzam idvne . 

The amidine was heated in a sealed tube with light petroleum and 
jxcess of ethyl iodide for eight hours in a boiling-water bath. Oh 
XJoling, the hydriodide of the ethylamidine crystallises in fine needles, 
melting at 257 — 258°, and these were recrystallised from a mixture 
}{ benzene and light petroleum and decomposed by sodium hydroxide. 
The amiSine melted at 93 — 94°, and a mixture of this with the 
ttiginal amidine had a melting point of 91 — 93° It was inactive ; 

0*1997 gave 12 4 c.c. N 2 at 14° and 711 mm. N = 6*96. 

requires N = 6*67 per cent. 

The hydrochloride crystallises from alcohol in needles, meltSfg 
it 298°. 

The d-camphorsulphonale was prepared as before and recrystallised ; 
•t melts at 204— 206°: 

0*9987 in 25 c.c. alcohol gave, in a 2-dcm. tube, a D + 1*27°; whence 
[a]jf + 16‘l° 

The amidine recovered from this fraction of the salt was inactive, 
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as was also that obtained which 
separately examined. 

The authors have to thank Mr.' W. H. Perkins for help in ^ 
reparation of the first amidine described in this paper. 

-!,y 

The University, 

Leeds. 


XXXVII . — Silver Amalgams. 

By Henry Chapman Jones. 

Silver amalgams are of interest, not only because they are members 
of the general class of amalgams, but also because some occur in 
Nature, and because of the specific gravity of some of them being 
much higher than that of mercury. The remarkable contraction 
that takes place when the two metals combine was stated by Joule 
(Journ. CJiem. Soc., 1863, 16, 383) to be “referable no doubt to 
the assumption of the solid state by the mercury, the specific gravity 
of which comes out at 16*5 from these (Joule’s) experiments” 
This high value for the specific gravity of solid mercury does not 
appear to have been confirmed. 

The silver amalgams that have so far been examined have been 
of very irregular compositions when viewed as compounds, and 
as they have been prepared by bringing the two metals together 
either directly, or by allowing an excess of mercury to precipitate 
silver on itself from a salt solution, it is hardly possible that the 
amalgams obtained were homogeneous. 

The object of this paper is to indicate a method by which a series 
of silver amalgams may be obtained of definite molecular com- 
position (within the errors of experiment) and in a really homo- 
geneous condition; and, further, to give some of the properties of 
two of them. 

The method consists, in short, in the preparation of a double 
salt, or a molecular mixture of salts, of the two metals with 
subsequent reduction in the cold to the metallic condition. When 
mercuric chloride acts on either silver or mercury, or an amalgam 
of the two metals, each atom of either metal combines with a 
molecule of mercuric chloride. If, then, the chlorine is removed, 
and this is easily done by means of ferrous oxalate, the metals alone 
remain. In this way amalgams may be obtained in which the 
metals exist in the proportions indicated by the formulae AgHg, 
AgHg 3 , AgHg 7 , AgHg 15 , AgHg 31 , AgHg 6g , and the author has 
actually prepared these six amalgams, although not all of them in 
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^iuntities sn|t&bl6 T 1JF : the product of the action 

0 f o^rcuri^ clilorld^ife ' metallic silver]' that is^ the double chloride, 
AgBgC^ “ Seated with an excess of sodium sulphite solution, half 
the silver and three-fourths of the mercury will be dissolved, and 
tfaere will remain an amalgam of the composition represented by the 
formula Ag 2 Hg. This, by treatment alternately with ijgercuric 
chloride and ferrous oxalate, gives another series of amalgams inter- 
mediate between the members of the series given above, namely, 
AgsHg, AgHg 2 , AgHg 5 , AgH gll , etc. * 

Preparation of the Amalgams . 

Some details concerning this have already been published (/. 
Soc. Chem • Ind 1893, 12, 983), A granular sample of metallic 
silver reacts most readily with mercuric chloride — such preparations 
as are obtained by the reduction of silver salts by means of zinc 
in acid solutions, or by dextrose in the presence of alkali hydroxide. 
But metallic silver so obtained I have never found to be pure. If 
dried at 100°, it invariably loses something on ignition, 0*12, 0‘74 
per cent., and so on in different cases, although the product was 
well washed with dilute nitric acid and ammonia. Silver obtained 
by reduction with ammonium sulphite, if properly washed and 
dried at 100°, loses nothing on ignition, but such silver is flaky 
and crystalline rather than granular, and reacts less readily than 
the other. It is preferable, in using ammonium sulphite, to heat 
the mixture quickly in small portions, and so obtain the metal more 
finely divided than by the usual slow process. 

Metallic silver and mercuric chloride will interact in many 
diflerent liquids, or in no liquid, by simply shaking them together 
and allowing them to remain. I have always used water, but, 
judging from the analogous reaction with mercuric bromide, it 
might be possible to find a medium that would expedite the change. 
Mercuric bromide reacts very slowly in water, the salt being very 
sparingly soluble; but in benzene, in which the salt is soluble to 
practically the same extent, the velocity of the reaction is very 
remarkably increased, whilst in acetone, which very freely dissolves 
the mercuric bromide, the change does not appear to be so rapid 
^ in benzene. Light petroleum dissolves much less of the mercuric 
salt than water does, yet under otherwise the same conditions the 
change will appear complete in light petroleum in a time that in 
filter has sufficed for little more than a superficial reaction. 

The reduction of the chloride by means of ferrous oxalate takes 
place practically at once. The reagent is obtained by pouring one 
volume of a saturated solution of ferrous sulphate into six volumes 

a saturated solution of potassium oxalate. The large excess of 





'■ v:- 


f' It; f gj 

metallic silver, presumably beeaiise 
algam is more finely divided. If a double (or mixed) 
of silver and mercury contains metallic silver (an 
ed residue, for example), it will not give a constant weight 
100°, as metallic mercury is liberated by the silver and 
.tenuously volatilised. 

ITke Amalgam AgHg.-— In bulk, as dried over sulphuric acid 
thout the aid of heat (in a steam-oven such an amalgam lost, 
ercury at a rate equivalent to 0‘47 per cent, *» per hour), this 
amalgam appears as a grey, non-adherent powder, which can h% 
lasily burnished into a metallic film. It consists of rounded 
particles, generally about 0*003 mm. in diameter. Some are oval 
find up to 0*005 mm. long, and others are as small as 0*002 mm. 
As diffused in cedarwood oil for microscopic examination, the 
particles have a marked tendency to adhere in rows, often branched, 
Y-shape, but the individual particles are quite distinct, and there 
is no appearance of a want of homogeneity. The silver mercurous 
Chloride from which it was obtained was in similar rounded 


particles, but more varied in size, and on the whole rather smaller.. 
These differences are probably accidental, and it seems almost 
Certain that- on the reduction of the chloride to the amalgam the 
separate particles retain their individuality. The specific gravity 
of the amalgam, taken in water at 20° and compared with water 
at 20°, was 12*8055. When pumping out the air, there' appeared 
to be a continual evolution of gas, as if the amalgam decom- 
posed the water. A second estimation with more stringent methods 
to remove air gave 12*8099. A determination in xylene showed; 
that these figures are not low, and therefore that if the amalgani 
does act on the water the result is not sufficient to vitiate fchei 


determination. The calculated specific gravity, assuming no con- 
traction when the two metals combine, is 12*29. Evidently, there-; 


fore, in the amalgam obtained as described, there is contraction 
on combination, hut not nearly so much as in the crystalline 
amalgam which Joule obtained by placing mercury in silver nitrate 
solution. Such a preparation, which had approximately the 
same composition, had a specific gravity of 14*68, and another 
sample, obtained by adding more mercury and squeezing out as 
inch as possible by a high pressure, gave 13*44. Other observers 1 
have found specific gravities for silver amalgams up to about 14. 

Amalgam- AgHg s . — When the amalgam AgHg is acted on 
by ihercuric chloride, the resulting chloride (empirically AgHg 3 Cl<) 



produced from it by reduction, has now goneM~tKe 
disintegrated. They are smaller, 0-001 mm. in diamete 
^ irregular in shape. This chloride is easily reduced, -^d 
dned amalgam, AgHg s , appears in bulk as an adherent pow 
H allowed to fall from the side of the bottle, it retains the fi] 
^.the bottle, much as undried sea-sand does. If rubbed with' 
side of a knife it crunches, and the bright metallic scale so prod 
Spears, on magnification, to have globules of mercury exu 
hdm it. If pushed up into a fold of wash-leather with a t 
brush handle, a large proportion of clean mercury globules 
^pressed through the leather. When stirred into cedarwoodl 
id examined microscopically, it appears as crumbling, cohe 
jjanogeneous masses, not separable into individual grains 
passes have no appearance of liquidity, their outlines are irregli] 
jjfccl, angular, especially the smaller detached particles, and 
points tend to be blunt rather than spiky, 
frit is not proposed to continue this investigation, hut Dr. J 
ghilip hopes' to examine the physical properties of some of th 
imalgams, and to study the influence of the medium on the velvet 
jf the reaction between mercurjc halides and metallic silver. • § 

t. Royal College of Science, 

South Kensington. 


[XXVIII . — Halogen Derivatives of Modonanilide , EtKyl ^ | 
Malonanilate , and Malonanilic Acid. 

fy .Frederick Daniel Chattawat and Frederick Alfred Maso^; f 

Impounds of this nature are at present almost unknown, althoi^p|S 
■ knowledge of their properties is necessary before the action^ffi^ 
iwogens on the parent substances can be followed and bef^Sii 
Qe of the least studied cases of intramolecular rearrangement 
? further investigated. 

The scanty literature dealing with the subject leaves ijfMlf' 
opfession that compounds of this class are ‘difficult to prepare 'by ^ 
direct' method, whereas the exact reverse is the case. ^ ; 

The halogen derivatives of malonanilide and of ethyl 
VOL XCVil. J 
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malonanilate are pro* 

eamgss is. heated for a Wv, ■■ * — ■ ^ 6 . 7 “ 

ca®eaaly be separated, owing to fch'e^|ari% sm|biHt; 
anilides in all ordinary solvents. The best results are 


of tfo 


Men about one gram-molecule of the aniline and one and a-half 
gram-molecules of malonic ester are employed ; if less ester is used, 
some aniline, which is troublesome to remove by crystallisation, jj 
left; whilst if more ester is taken, the products remain partly 
dissolved in the excess which has to be. distilled off, a brownie 
'Coloured product, which needs much purification, being obtained, 
About 10 to 15 grams of aniline is a convenient amount to use in 
ohe operation. 

The aniline and ester are heated together in a flask attached 
to v a long tube, which serves as a condenser, and the rate of boiling 
of the mixture is regulated so that the alcohol* formed mainly 
escapes while the malonic ester is returned to the flask. 

The yields are generally good, no appreciable decomposition 
occurring, the loss arising only from the necessary separation and: 
purification. 

*f'The halogen-substituted malonanilic acids are also very easily 
obtained by hydrolysing the substituted malonanilic esters: the 
crude products from which the substituted malonanilides have been 
separated suffice for this purpose. 

The esters can be hydrolysed by heating for a short time with 
^aqueous sodium or potassium hydroxide, or even by heating for a 
longer time with water alone, but it is preferable to suspend them 
in a dilute solution of sodium carbonate and to pass steam through 
the liquid until the ester disappears. This method has the 
advantage that if any aniline remains admixed with the crude 
ester or is formed during hydrolysis, it passes over with the steam. 
The acid is separated from the sodium salt in a crystalline state, 
after concentrating the solution if necessary, by adding a slight 
excess of hydrochloric acid. 

When heated, the malonanilic acids decompose quantitatively 
into carbon dioxide and the corresponding substituted acetanilide, 
thus; for example: 


C 6 H 4 Br*NH*C0*CH 2 *C0 2 H ~C0 2 + C 6 H 4 Br*NH*CO*CB 3 . 


Experimental. 

■pip-Dichloromalonanilide, C (1 H 4 Cl , NH‘CO , CH 2 , CO , NH*C 6 H 4 CL 

This compound, together with ethyl jj-chloromalonanilate, is 
produced when p-chloroaniline is heated with ethyl malonate. A 
mixture of 12 grams of y/-chloroaniline and 25 grams of $$ 



MALO^ANILID'Ej ETHY^ MALONANILATE, AND MALONANILIC ACID 341 


malonai 

being - 



f the alcohol formed 



jpx raft* its bulk of, alcohol, ana- the dichloro^Jdfe 
anilide which remained undissolved' was collected and recrjstallised 
alternately from alcohol and acetic acid. It is fairly soluble^in 
boiling alcohol or acetic acid, and separates from either in sfiiaUV 
slender, colourless needles, which, when dry, form a felted mass. 
The yield of pure product obtained thus is about 20 per cent, of 
the theoretical yield from the amount of aniline used. 
yp-Dichloromalonanilide melts and decomposes at 261° : 

0-2474 gave 0*2206 AgCl. Cl = 22*06. 

C 15 H 12 0 2 N 2 C1 2 requires Cl =21*95 per cent. 


'Ethyl p- Ckloromalonanilate , C 6 H 4 C1*NH*C0'CB>C0 2 *C 2 H 5 . 

This compound was obtained as a white, crystalline powder 
slowly adding water to the filtrate from which dichloromalonanilicfe’ 
bad been separated. It was purified by repeatedly crystallising it- 
from hot alcohol, in which it is very easily soluble, and from whio|jj|j 
it separates in short, colourless prisms, melting at 97°. It is very;;’ 
readily soluble in all common organic solvents, hut only very ’ 
sparingly so in water: 

0*2146 gave 0*1285 AgCl. Cl=14*81. 

C u H 12 0 3 NC1 requires Cl = 14*68 per cent. 

^-Ghloromalonanilic Acid , C (; H 4 C1’NH’C0 , CH 1 /C0 2 H. 

This compound was prepared by suspending ethyl p-chlcro- 
nalonanilate in twenty times its weight of water containing rather * 
nore than the equivalent amount of sodium carbonate and passing 
iteam through the liquid until the ester had disappeared. Om 
idding hydrochloric acid in slight excess to the cooled product, 
:he acid separated in thin, colourless plates. It was purified 
jy recrystallisation either from hot water, in which it is mod 
srately soluble, or from hot alcohol, in which it is readily so. It 
epafates from either solvent in glistening, colourless, flattened 
insms or plates. On heating, it melts and decomposes, and evol*|y| 
arbon dioxide at about 168°,* leaving a residue of pure p-chloroKt 
Manilide, which, after solidification, re-melts at 175° : ^ 

The melting points of this and the other substituted malouanilic acids described 
1 the paper represent the temperatures at which the substances melt and rapidly j 
ecompose with gas evolution when quickly heated. The temperatures at which ■s 

melting takes place vary considerably with thB rate of heating. Decomposition 
' CQrs to some extent before these temperatures are reached, and if the acids are 
°wly heated, they appear to melt at lower temperatur es. 


A A 2 
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hyl ^romomadonamlate crystallises frotri alcohol* in -whiciit 
s easily Soluble, in colourless, short, rhombic prisms, inciting at 99°. 
’ pifr? gave 0*1788 AgBr. Br= 28*03. 

* v- C u H 12 0 3 NBr requires Br = 27*94 per cent. 


p -Bromomolonanilic Acid , C 6 H 4 BrNH , C0 , CH 2 , C0 2 H. 

Plr.H ■ 

" This compound is sparingly soluble in boiling water, but readily 
io in hot alcohol. It crystallises from water or alcohol in colour^ 
lattened, slender prisms. It melts at 169°, carbon dioxide is 
jvolved, and 37 -bromoacet anilide is formed : 

0*1750 gave 0*1271 AgBr. Br=30*91. 

C 9 H 8 0 3 NBr requires Br = 30*98 per cent. 


2 : 4 : 2 f : i f -Tetrabromomdlonanilide f 
C e H 3 Br 2 *NH-CO*C%CO-NH*C 6 H 3 Br 2 . 

This compound crystallises from boiling acetic acid, in which it 
is moderately soluble, in colourless, long, flattened needles or prisma, 
pelting at 233° : 

% 0*2092 gave 0*2769 AgBr. Br = 56*33. 

C 15 H 10 O 2 N 2 Br 4 requires Br = 56*11 per cent. 


Ethyl 2 : 4:-Dib romomalonanUa l e, 
C 6 E 3 Br 2 *NH‘C0*CH 2 ’C0 2 *C 2 H 5 . 

This compound crystallises from alcohol, in which it is easily 
soluble, in colourless, slender, flattened prisms, melting at 86°: 
0*2431 gave 0*2496 AgBr. Br— 43'69. 

C u Hu0 8 NBr 2 requires Br=? 43*80 per cent. 


2: i-Dibromomalonanilic Acid, C 6 H 3 Br 2 ’NEL , C0'CH 2 *C0 2 H. 

2 : 4-Dibromoinalonaniiic acid is sparingly soluble in water, tat 
easily so in alcohol. It crystallises from alcohol in colourless, 
flattened prisms. When heated, it melts, and evolves carbon dioxide 
■'^atr 174°, 2 : 4-dibromoacetanilide being formed : 

0*2880 gave 0*3195 AgBr. Br= 47*21. 

C 9 H 7 0 3 NBr 2 requires Br= 47*44 per cent. 

2: 4: 6 : 2 f : i f : ty-Ef exab rom-omalonanUidc, 
C 6 H 2 Br 3 -NH-CO-CH 2 -CO-NH«C e H 2 Br 8 . 

This anilide is so sparingly soluble in all ordinary solvents that 
it can only be recrystallised in very small amount from boiling 
acetic acid. A few tenths of 9 gram only are dissolved by a life* 
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considerable I0I3 from decomposition occurs. It melts and evolves 
gas at 331° : * ; ; ' . 

01314 gave 0*2041 AgBr. Br = 6610. : g : 

C 15 Hg0 2 N 2 Br 6 requires Br = 65*90 per cent. i ^ 
Freund ( Ber 1884, 17, 782) obtained a compound to whichi^lq* 
aligned this constitution by dissolving malonanilide in gla$ab 
acetic acid, and adding bromine in slight excess to the warihed 
solution drop by drop. The liquid on copling deposited a thick 
crop of needles, which, after several recrystallisations from acetic 
acid, melted at 145 — 146®. This substance, on heating in a sealed 
tube with fuming hydrochloric acid at 200°, yielded a compound 
which he regarded as symmetrical tribromoaniline, and from this; 
observation he deduced its constitution. i§|| 

Freund’s compound, however, differs so entirely in its properties 
from the compound described above, which itself possesses all the 
properties that would be expected from a consideration of those ; 
of the other members of the class described in this paper, that 
it cannot have the constitution assigned by him to it. 

Ethyl 2:4: §-Tribromoma2onaiiilate, 
C 6 E 2 Br 3 *NH-CO*CH 2 -CX) 2 »C 2 H5. 

Ethyl 2:4: 6-tribromomalonanilate is readily soluble in hot 
alcohol, and crystallises from it in colourless, slender prisms, melting 
at 177°: 

0*1458 gave 0*1854 AgBr. Br=54 *11. 

CiiHi 0 O 3 NBr3 requires Br= 54*02 per cent. 

2:4 : G-Tribromwmlonanilic Acid, Cg^Brg'NH'CO’CHo'COoH. 

2:4: 6-Tribromomalonamlic acid crystallises from alcohol, itf 
which it is moderately soluble, in small, colourless needles. If the 
acid is rapidly heated, it melts and evolves carbon dioxide at 
about 201°, 2: 4 : 6-tribromoacetanilide being produced. If slowly 
heated, however, it decomposes below this temperature without 
melting, carbon dioxide as before is given off, whilst 2:4: 6-tri- 
bromoacetanilide, which, if the temperature be raised, melts sharply* 
at 232°, is left in the tube: 

0*2000 gave 0*2699 AgBr. Br= 57*43. 

C 9 H 6 0 3 NBr 3 requires Br = 57‘66 per cent. 

University Chemical Laboratory, 

Oxford. 



Interaction , of ^ ^ 

fomopropionic, and a-Bromobutyric A 
Sodium Salts with Silver Salts in Aque^jjfg 
I "Solution . Catalytic Action of Silver Halides 

By George Senter. 

if previous papers (Trans., 1907, 91, 460; Proc., 1908, 24, 89-..: 
Jubelbandy 1910, II, 511; Trans., 1909, 95, 1827) 

§§Its of an experimental investigation of the rate of displacement^ 
the halogens in the lower members of the series of halogen^ 
^jstituted fatty acids have been communicated, and the mechanisj| 
the respective reactions has been discussed. The present pape| 
mainly with the interaction of the first three members of tlraj 
B of a-bromo-fatty acids and their sodium salts with silvejl 
derate and silver acetate in dilute aqueous solution, It was shov™ 
years ago by Beckurts and Oddo ( Ber ., 1881, 14, 576; 18p| 
222) that the reaction between silver nitrate and the lo*|| 
2'eSabers of the series of hromo-fatty acids in aqueous solution II 
presented quantitatively by the equation : ^ 

‘6HX*C0,H + AgN0 3 + H 2 0= f 

J$i. R-CH(OH)-C0 2 H + AgX + hno 5 m 

^which R represents hydrogen or an alkyl group, and X a haloge| 

item. , ,M 

^itf'Jfche course of the present investigations, the remarkabg 

Observation was made that reactions of the above type are veil 
Markedly accelerated by silver bromide ; even when the solutiif 
is only 1/300 molar with reference to silver bromide (which is, 0 
course, mainly present in the insoluble form), the rate of th| 
reaction may be doubled or even trebled. This action appears to 
account for a number of hitherto unexplained observations mm 
by previous investigators. M 

S^The other more important results of the investigation are that 
fine rate of reaction increases very considerably with the increase 
^complexity of the alkyl group R, and that the sodium sal| 
ft more rapidly than the free acids. Nitric acid exerts a ve *| 
prful retarding effect on the reactions in which silver nitrjgi 
icerned. Silver acetate reacts with the hromo-fatty acids mc$ 
jy than cloef silver nitrate under equivalent conditions. 
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jp — The reacting 
fetact ‘ temperature in small tubes of Jena glass, which » vere* 
corked and kept in- a thermostat at a temperatux^'ke|^ 
to within 0*1°. At definite intervals the contents ot’aj 
were poured into a slight excess of a N j 50-solutioi|-^o|| 
lunonium thiocyanate, which at once stopped the reaction,;C^^^§ 
jjp a concentrated solution of iron alum and 5 c.c. of concentrated^ 
fitric acid, free from nitrous fumes,, were then added, an^£thb§ 
^cess of thiocyanate estimated by titrating with N IbQ-fyh.eiS'' 

litrate. t > 

^'It is known that the above method of titration does nof;^ 
Accurate results for chlorides, owing to the solubility of the prb«| 
iated silver chloride in ammonium thiocyanate. Theoretically, ] " 
jver, there should be no appreciable error in the case of bron 
wing to the much smaller solubility of silver bromide, and I 
inclusion has been confirmed experimentally by Rosanoff f$S 
5ill (/. Amer. Chem. Soc 1907, 29 , 1467). In order to*enJ§| 
that no error arises in the present case owing to the presence^ 
precipitated silver bromide, the method of titration desert^ 
above has been tested in various ways, and has been found to gi^ 
jptite accurate results. 

CThe tubes in which the reactions were carried out held 
15 c.c., and in all cases the reaction mixture measured 
Ihe titration values quoted in the tables are throughout (excep^ 
in table I) the mean of two simultaneous experiments.^; Tfyjg 
measurements were made at 26'0°. 


Reaction between a-Bronwpropionic Acid and Silver 

The results of a typical series of experiments with a-bromci 
propionic acid and silver nitrate are quoted in table I. The uiii| 
of concentration is the amount of silver nitrate contained in l c.c| 
of a $7 50-solution of the salt, and the concentration of the halogeri 
fatty acids (and their sodium salts) is expressed in equivalent t""’ 
in accordance with the experimental fact that R'CHBr-COgF^ 

R CHBr*C0 2 Na) is equivalent to AgN0 3 . The constants 
last column are calculated according to the equation for a its 
bf the second order : 


i=L * 

t a(a- 


x) 


wfen the reacting substances are present in equivalent 

In all cases, a—x in the tables represents the concentration 5 ^^ the 
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silver nitrate at, the 

mT 



^Actually 

, _ , _ „ . 4 ? ... _ . .. : , T , n p P-/ 

If it ii :; dlsired to refer £, thd vel^ty-coel&Cii^ilt' dr Velocity 
constant of the reaction, to a concentration of 1 mol. per litre, the 
values of Jc given in the tables must be multiplied by 12x5O^60Q 4 
since the values quoted are obtained by titrating 12 c.c. of the 
reaction mixture with 1/50 molar thiocyanate. 

Throughout this paper, the concentrations given refer to the 
reaction mixture; thus, in the experiments quoted in table I, the 
reaction mixture was initially N j 30 with reference to both 
the reacting substances. 

Table I. 


t Silver nitrate, Nj 30. a-Bromopropionic acid, Nj 30. 


* t (rain. ). 

a- x, 

k. 

a "X. 

h 

0 

20*0 

— 

20 0 

— 

10 

18*1 

0 '00050 

180 

0-00056 

30 

147 

0-00060 

147 

0*00060 

; 90 

10 ‘2 

0-00058 

io-o 

0-00056 


These figures show that the results of parallel experiments arc in 
good agreement, and the fair agreement of the velocity-coefficients 
in the course of a reaction is in accord with the assumption that 
the reaction is bimolecular. It will be shown in the sequel, how- 
ever, that the latter result is only attained owing to a combination 
of two factors which influence the reaction in opposite directions. 

It is well known that one of the best methods of deciding the 
■* order ” of a reaction is to measure its velocity with varying 
initial concentrations; in this way disturbances arising in the 
course of the reaction are to a great extent eliminated. The results 
for the reaction under discussion are given in table II, the values 
of k , when the concentrations are not equivalent, being calculated 
by the general formula for a bimolecular reaction : 


0’4343 k = 


1 


; Wi 


b{a - asl 
t(a - 6) lV6l ° a{b - x y 
where the symbols have the usual significance. 


Table II. 


Concentration of 

Concentration of 

k. 

silver nitrate. 

bromopropionic acid. 

JV/10 

NfiQ 

0-00047 

N/2Q 

JV/40 

0-00059 

NfiQ 

NfiQ 

0-00054 

NI20 

Nf 20 

0-00053 

Nf20 

JV/10 

0 '00051 


The above results appear to show that, in spite of certain 
irregularities, the rate of the reaction is in the first instance 
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^ booh noticed that when the aqueous solution of the acid 
vaS n0 t, freshly prepared, the reaction was considerably more rapid. 
Ibis is illustrated by the results quoted in the accompanying table. 


Table III. 


Silver nitrate and bromopropionic acid, each N j 30. 


(Acid solution, 

two hours old. 

<(min.). 

a>-%. 

k: 

0 

20 0 

— 

10 

18-5 

0 00041 

30 

15'4 

0-00050 

90 

10-5 

0 00050 


(Acid solution, kept two days at 26 D .) 


t (min.). 

&-X. 

k. 

0 

20-0 

— 

10 

16*4 

0-00110 

30 

120 

0 00111 

90 

8-3 

0-00080 


It is clear that the initial velocity is nearly three times as grea| 
when the acid solution is kept two days before the rate of reactio^ 

is measured. . 

It is well known that a-bromopropionic acid is slowly decomposed 
by water, according to the equation: 

CHMeBr* COoH + H 2 0 = 0H-CHMe-C0 2 H + HBr, 
and in an earlier paper the results of an experimental investigation 
of this reaction have been communicated. A little hydrobromic 
acid is formed during the reaction, and at once reacts with part 
of the silver nitrate on mixing the reacting substances. As the 
speed of the reaction is deduced from the rate at which the silver 
nitrate is used up, the apparent speed in the presence of hydro-- 
bromic acid will be greater than the actual speed with whiclr^ 
silver nitrate and a-bromopropionic acid react. In order to 
estimate the error thus caused, the rate of hydrolytic decomposition- 
of bromopropionic acid at 26° has been *measured at 26° with the 
following results (table IV).' The concentrations of bromopropionic 
acid and of hydrobromic acid are expressed in terms of the number 
of c.c. of Nj 20-sodium hydroxide required to neutralise 5 c.c. of the 
solution, which was approximately A/5: 


Table IV. 


Concentration of HBr formed. 


Five c.c. of acid In c.c. of 

Time (days). solution titrated. jV/20-NaOH. 
0 1970 O'OO 

3 20'10 0’40 

6 20-35 0'65 

9 20'60 0 90 

12 20-80 1-10 


Normality. 

0-001 

0-0016 

0-0023 

0-0028 


The reaction at 26° is therefore extremely slow, and the amount 





question' : T (Ip that tke silvfct^ b Wmtde-form^ 
^’ofthe reaction exerts a catalytic influence; (2) Uj 2 
romopropionic acid in aqueous solution undergoes a 8$$* 
into a second more active modification. The first suggest^ 
once he tested by adding some hydrobromic add® 
nm bromide to the bromopropionie acid before adding,® 
|§|'. nitrate. Some of the results obtained in this way are 


imposition of Mixture I. 
opropionic acid, J7/5 ... 2 c 



Table V. 


Composition of Mixture II. 

Bromopropionie acid, Nj 5 ... 2 c.^ 

Potassium bromide, iV/25 2 

Water 2 * 

Silver nitrate, iV/12‘5 5 " % 


t (min.). 

a-x. 

k. 

0 

20 0 


10 

15’7 

0*00137 

20 

13’3 

0 ’00126 

40 

io-o 

0-00125 


ver nitrate, Ayi2’5 5 

k. 


l^he data in the above table show that, after mixing, the toat. 
Elutions are exactly equivalent in concentration ; the only differed® 
' iiytfcat in the second mixture a small amount of silver brom« 
|j^«id potassium nitrate) is present. The mixture is only l/jH| 
molar with respect to this salt, and doubtless the greater parbfji 
present in the insoluble form, yet the remarkable result is| 
^ obtained that this trace of silver bromide more than trebles the# 
^initial speed of the main reaction. Moreover, this by no meam 
^represents the maximum Catalytic power of the silver bromide, 

■ the greater part of it coagulates and rises to the top of the solution^ 
soon after mixing the reagents. % 

yv Reference to the data in table III shows that the solution of'^ 
bromopropionie acid, which had stood two days at 26°, cannot} 
.have i^en more than 1/1000 normal with reference to hydrobromic}} 
that the small amount of silver bromide formed by intei^ 
l^bn of the acid with silver nitrate has a very powerful catalytiji 


catalytic acceleration of reactions of this type by sibSK 
^romide and iodide is further referred to in a later part of the? 

351, 358). yi| 








No nitric acid. 


Nitric acid, Nj 30. 


a -as. 

k. 

t. 

a-'X. 

k. 

t. 

®-z. 

30-0 

— 

0 

30-0 

— 

0 

30 0 

26-7 

0 00041 

20 

28-0 

0-000120 

30 

28*45 

21*5 

0-00045 

60 

25-0 

0-000111 

eo 

25-75 


'.The figures show that in the presence of iV/lfi-nitric aci 
ate of the reaction is diminished to about l/7th of its 
alue. 

(6) Bemenesul'phonic Acid . — For comparison with nitric 
ome experiments were made with benzcnesulphonic acid undOrP 
ame conditions. It was found that the latter acid retardsr tlie^ 
eaction to a rather greater extent than nitric acid. The inij^I^ 
>alue of the constant in the presence of iV/15-benzenesulph|mi^ 
cid is 0 000053, as compared with 0-000061 for N / 15 -nitric acld!^ 

It is probable that henzenesulphonic acid is a rather 
,cid than nitric acid, hut the difference in the reactivities^ Seelmi^ 
ather greater than can be accounted for on this basis. y ' 

(c) Lactic Acid, — As lactic acid is one of the products •ym 

eaction, its influence on the velocity was measured with thc& 
ollowing results: ' ff jjjg 

Table VXL ’ ‘jm 

Silver nitrate, Nf 20. Bromopropionic acid, 1^/20. 

No lactic acid. Lactic acid, A/5. 

f f (min.). a -as. k. £{rain.). a-x. k 

0 30 0 — 0 30*0 

; 10 26-1 0-00050 10 26-9 0 0003fi^K| 

:|t 30 20*4 0-00053 30 221 O-OQMOSS®.?' 

. ti 0 14-9 0-00056 60 18*4 0-00036^^^.. 

(d) Sodium Nitrate. — The results of a series of observ ationd*wiih s ' 
bis salt are given in the accompanying table; much highei||j|n- 
ent rations were used than in the case of the acids: 
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Silver nitrate, NJ 30. Bromopropionic acid, A/jfo. 

No sodium riitrate. Sodium nitrate, m/2. Sodium nitrate, mjl ' 
t (min.). <r-ar. k. a-x. k. a-x. ^ 

a- 0 20 0 — 20 0 — 20 >0 _ 

Mb '.' 17*9 0-00060 18*3 0 00045 187 ' 0 00085 

#80 14-6 0-00062' 157 0-00045 16*2 0 0003} 

The facts that nitric acid and benzenesulphonic acid, -which are 
aoth highly ionised in solution, retard the reaction to about the 
tame extent, and that the NO;/ ion has only a very slight retarding 
iction, indicate that the effect in question is mainly due to the 
3‘ ions. This is confirmed by the fact that lactic acid, which is a 
jomparatively weak acid, has a very slight retarding action. Tl$ 
searing of these results on .the mechanism of the reaction is 
liscussed later (p. 361). 

Effect of Alcohol and of Acetone on the Rate of Reaction. 

A few experiments were made in which half the water used as 
iolvent was displaced by alcohol and by acetone respectively; the 
-esults were as follows : 

Table IX. 

Silver nitrate, A/ 30. Bromopropionic acid, A/30. 


Solvent. 

Water. 

Water + alcohol. 

W ater + acetone. 

t (min. ). 

a-x. k. 

<l-Z. 

k . 

a-x. 

k 

0 

20-0 — 

20*0 

_ 

20-0 


10 

18-0 0*00056 

17*5 

0-00071 

17 4 

0*00078 

30 

14-6 0*00062 

13-9 

0-00073 

14-3 

0-00067 


It is interesting to note how small an alteration is produced in 
>he reaction velocity by the displacement of half the water by 
ilcohol or by acetone. It has already been shown by Euler (5er., 
1906, 39, 2726) that the rate of reaction between chloroacetic acid 
md silver nitrate is approximately the same in water and in 45 per 
;ent. .alcohol. 

■/ Sodium Bromo'pro'pionatc and Silver Nitrate. 

* The reaction in this case is represented by the equation: 
SBVCHBr ■ -COnNa + AgN0 3 + H 2 0 = 

CH 3 -CH(0H)*C0 2 H + AgBr + NaN0 3 . 

The sodium bromopropionate was prepared just before the 
reaction by careful neutralisation of a solution of bromopropionic 
acid wi^ik sodium hydroxide. The results of one series of expert 



HA LOG. 


NS IN ORGANIC COMPOUNDS. 



Table X. 


it iv. 353 

acid and its sodium 

Wp¥^ le : 


Silver nitrate, JV/8 0. 
Bromopropionie acid, JV/30. 


Silver nitrate, JV/30. 
Sodium bromopropionate, JV/30. 



a-z. 

k. \ 

t (min.). 

a-z. 

it 

■v a 

20*0 

— 

0 

20*0 


10 

18*0 

0*00056 

5 

16*6 ' 

0*0020 

, 80 

14*7 

0*00060 

15 

11 0 

0*0027 

90 

10*2 

0*00054 

45 

6*4 

0*0024 


The velocity-coefficients, k v for a bimolecular reaction in the 
case of the sodium salt are only in moderate agreement, a result 
which is doubtless to be anticipated. The initial velocity is about 
four times that obtained for the free acid. The considerable 
increase of the coefficient between five and fifteen minutes is id 
doubt due to the catalytic influence of silver bromide. A fei£ 
measurements were also made to determine the influence of the 
initial concentration on the reaction velocity, with the following 
results : 


Sodium bromopropionate, JV/30 

Silver nitrate, JV/30 

Sodium bromopropionate, JV/60 
Silver nitrate, ^ JV/60 


k. 

} 0*0020 
| 0*C030 


showing that the initial velocity is the greater the more dilute the, 
solution. 

Bromopropionie Acid and Silver Acetate. 

If the conclusion drawn from the experiments already described 
—that silver bromide exerts a catalytic influence on the rate of 
reaction — is valid, the velocity-coefficients calculated for a reaction 
of the second order ought regularly to increase, owing to the 
increase in the amount of silver bromide as the reaction proceeds. 
However, nitric acid, another product of the reaction, exerts a 
retarding influence, and the result of these two effects is that in 
ruany cases the reactions follow the law for a bimolecular reaction 
fairly accurately. In order to eliminate the retarding influence of 
nitric acid, it was considered desirable to perform a few experiments 
with the silver salt of a weak acid, and for this purpose silver 
acetate was chosen. The reaction in this case is represented by the 
equation : * 

CH 3 'C0 2 Ag + CH 2 Br-C0 2 H + H 2 0 = 

CH 3 -C0 2 H + AgBr + 0H*CH 2 -C0 2 H. 

Some typical results are quoted in table XI : 




^Silver dcetate, Nf 30. 
Bromopropionic acid, A r /S0. 

20-0 — 

18 ‘2 0 00100 

1'4'0 0*00143 

9*5 1 0-00185 



Silver acetate,' jV/ 100. H 
Bromopropionic acid, NjZ 0. 


0 00130 £ 

0 00148 .#• 
0*00186 & 

■ffc.y 


Bronw'profionic Acid (kept two days at 26°) 



Silver acetate, iV/30. 
Bromopropionic acid, NfiQ, 


a-x. 

k . 

t (min.). 

a-x. 

k. 

20*0 

— 

0 

20*0 

— 

16-8 

0*00200 

10 

16*5 

0*00250 

10*5 

7*6 

0*00307 

(0*00272) 

30 

12*8 

0*00327 


' * Silver acetate, jV/30. 

Bromopropionic acid, N/ 30. 

j^ r (min. ) 

W% 30 

, if 

will be observed that in all these experiments the velocity^ 
^ftcients calculated for a reaction of the second order increa^ 
considerably during the reaction, doubtless owing to th<| 
i^|alytic influence of the silver bromide. The same effect is seea : 
infthe solution which has been kept two days, and in which, there-, 
fqjrey'a little hydrobromic acid has been formed. The very small, 
amount of silver bromide produced as soon as the two solutions] 
Ire mixed is sufficient to double the initial speed of the reaction** 
This^catalytic effect is also illustrated in the following table; ij| 
one case a small amount of potassium bromide is added to the acid 
before mixing: '% 




Table 

xn. 


‘ ^ 

SilVw acetate, N{2 5 .. 

8 c.c. ! 

I Silver acetate, Nj 25 .. 


Bromopropionic acid, iV/6 *25 . 2 ,, . j 

Bromopropionic acid, iV/6 *25. 2 „ s 

Water 


2 „ 

Potassium bromide, iV/25 1 „ X 

.if (min ). 

a-x . 

k. 

t (min.). 

a-x. 

k. . -1 

0 

16*00 

— 

0 

16*00 

0*00520 ,1 

S- 5 

14*20 

0*00158 

5 

11*30 

10 

12*40 

0*00181 

10 

9*80 

0*00395 % 

20 

9 65 

0*00206 

20 

7*00 

0*00402 5 

i.' 30 

7*00 

0*00268 



l3|j 


4'-' m 

% These results indicate that 1 / 300 molar silver bromide more 
than trebles the initial speed of the reaction, but that the velocity 
fStis. off somewhat as the reaction proceeds. This is doubtle® 
cl&hected with the fact that the greater part of the silver broniifo 
fioon coagulates, and rises to the top of the solution; it can then 
ex|rt.no catalytic influence. 

$4l$ii,ye Velocities with Stiver Nitrate and Silver Acetattr* 
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citrate and silver 

j^fcate in eqmva®?^ tfcncentration, ‘ in order to obtain an accurate 
record of tfieir relative activities with bromopropiohic acid. The 
plaits are as follows : 

Table XIII. 


Silver nitrate, JV/30. 


Silver acetate, A r /30. 

Bromopropionic 

acid, A/30. 

j Bromopropionic 

acid, A/80. 

({min.}. 

a -a:. 

h 

t (min. 

, ). a - x. 

h 

0 

200 

— 

0 

20 0 

— 

10 

17*8 

0-00062 

5 

17*9 

0*00120 

" 30 

14-2 

0*00068 

17 

12*6 

0*00170 

90 

9'5 

0*00061 

45 

6*6 

0 00220 


It follows that the initial velocity with the nitrate is about half 
that with the acetate under corresponding conditions. The bearing 
of this result on the mechanism of the reaction is considered later. 


Reaction between a Bromobutyric Acid and Silver Nitrate. 

Corresponding measurements to those just described for bromo- 
propionic acid have been made with bromobutyric acid, but not in 
the same detail. The reaction is represented by the equation : 
CHEtBr-C0 2 H+ AgN0 3 + H 2 0 = OH*CHEt*C0 2 II+ AgBr + HNO s . 

The results are similar to those obtained for bromopropionic acid, 
except that the velocity-coefficients diminish more rapidly during 
the reaction. The data for experiments in wliieh the initial con- 
centrations were varied are given in table XIY, the initial values 
of the velocity-coefficients being given in the third column : 



Table XIY. 


Concentration of 

Concentration of 


silver nitrate. 

bromobutyric acid. 

k. 

A/60 

A/60 

0*0060 

A/40 

A/40 

0*0034 

A/20 

A/40 

0*0021 

A/10 

A/40 

0*0014 

A/40 

A/20 

0 0034 

A/40 

A/10 

0 0028 


It is clear from these results that when the concentration of 
silver nitrate is kept constant, and that of the bromopropionic acid 
varied, there is not much alteration in the magnitude of the 
Velocity-coefficients ; in other words, the rate of the reaction' is 
‘pproximately proportional to the concentration of the bromo- 
mtyric acid. On the other hand, the coefficients diminish con- 
siderably as the initial concentration of silver nitrate is increased, 
ff Mch indicates that when the silver nitrate concentration is 
acreased, the rate of the reaction does not increase in the same 
proportion. This does not correspond with the behaviour of silver 
yol. xcvii. a b 
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2ntra,tion 
are quoted in 


Effect of Nitric Acid.— The actual observata 

this case, as they illustrate very clearly the failing off in the 
magnitude of the velocity-coefficients as the reaction progresses: 


Table XV. 


Silver nitrate, Nj 20. Bromobutyric acid, Nf 20. 


No nitric acid. Nitric acid, JV/15. Nitric acid, N/T *• 


t (mia.) a-x. fc <{min.). a-x, 
0 * 30‘0 — 0 

5 23*4 00019 15 24*6 

15 18*8 0*0013 45 21*5 


1c. t (min.), a-x. k . 

— 0 30*0 ~ 

0*00048 3 0 2 5 3 0*00020 

0*00029 90 22*6 0*00012 


.1 These results show that the retarding effect of nitric acid ii 
considerable, and is approximately proportional to the concentration 

q f the acid. . _ .. , . 

Sodium Bromobutyrate and Silver Nitrate. The magnitude of 
the constant in 1/30 molar solution of each of the reacting sub- 
stances is 0*0060. The speed is therefore about 2*5 times that 
with the free acid, for which the constant is about 0 0024. 


Bromoacetic Acid and Silver Nitrate. 

As this reaction has already been investigated to some extent 
by Euler (}oe. cit.), it has been considered sufficient for the present 
purpose to make a few measurements with the object of company 
this acid with the two higher acids as regards its reactivity witl 
silver nitrate, and, further, to determine if this reaction, like thi 
others, is catalytically accelerated by silver bromide. The result 
are given in table XVI : 

Table XVI. 


Silver nitrate, JV/12'5 5 c - (! ‘ 

Bromoacetic' acid, iV/5 2 „ 

Water & »> 


Silver nitrate, iW12*5 
B ro moaeetic acid , JV/5 . . . . 
Potassium bromide, Nf 25. 
Water 


t (mjn*)- 

a-x.. 

k. 


20*0 

— 

*240 

19*5 

0*0000048 

1200 

17*6 

0 '0000057 

£760 

13*4 

0*0000089 


t (min,), a-x. 


0 

20*0 

-- 

180 

1&-1 

0*000029 

1200 

11*6 

0*000030' 

2760 

96 

0*000022 


The data quoted in the table show that the rate of r eac* 
between silver nitrate and bromoacetic acid is very slow at 
the rate is only about-l/100th of the corresponding reaction * 
hromopropionic acid. Further, silver bromide greatly acceler* 
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iXespeet to this salt, 
*$bsenpe of the 


the 1 

th£S8H|. . 

silver 8®pP 

Sodium Bfo&oacetate am timer jxttrgse. — me results given m 
^ljle XVII show that sodium bromoacetate reacts with silver 
nitrate about three times as rapidly as does the free acid. 


Table XVII. 


Bromoacetic acid, N) 80. Sodium bromoacetate, jV/3Q. 

Silver nitrate, NJZQ. Silver nitrate, N/gO. 


f (min.). 

a -x. 

h. - j 

t (min.). 

a-x. 


,0 

20*0 

— 

0 

20-0 



240 

19‘5 

0-0000054 

240 

18-6 ' 

0-000916 

1200 

17-2 

0-0000068 

1200 

13*2 

0*000021 

2700 

138 

0-0000081 ! 

2760 

7*4 

0*000031 


Methyl Iodide and Silver Nitrate. 

As this reaction has been measured by several previous observers, 
who, however, did not detect the catalytic influence of the silver 
iodide, it has been considered desirable to repeat the measurements, 
with special reference to the effect of silver iodide in aqueous 
solution. Some typical- results are given in the accompanying, 
table : 

Table XVIII. 


Solvent: Water. 



I. 


I 

II. 


Silver nitrate, JV/20.. 

. .. r> c.c. 

i Silver nitrate, i\7/20 ... 

6 c.c. 

Methyl iodide, iV/20 

... 5 ,, 

| Methyl iodide, JV/20 .... 

5 

"Water... 


2 ,, 

i Potassium iodide, iV/20, 

1 

t (min.). 

a-z. 

k. 

t (min.). 

a-iK. 

k. 

0 

12-50 

— 

0 

12 50 

— 

15 

11-60 

0*00042 

15 

1070 

0-00080 

30 

1095 

0-00039 

30 

9-65 

0-00076 

60 

970 

0-00039 

60 

8-00 

0-00075 

120 

8-30 

0-00034 

120 

6*70 

0*00058 

180 

6 80 

0 00037 1 

180 

5-10 

0*00065 



Solvent : 

Alcohol. 


t 

III (composition 

as I). 

XV (composition as 11). 

t(niin.). 

a -x. 

k. 

t (min.). 

a-x. 

k. 

0 1 

12-5 



0 

12-5 

— ■ 

10 

10*75 

0-00130 

10 

10‘4 

0-00162 

30 

8-50 

0 00126 

30 

8-3 

0-00135 

60 

6*73 

0-00116 

60 

6-4 

0-00127 

120 

4*90 

0 00104 

120 

4-5 

0 00119; 

These results show that the reaction in aqueous solution is con- 


siderably accelerated by Nj 240-silver iodide, and there appears to 
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be a corresponding, but Mmh;^ alcoholic 

solution. The latter result, however, is of a preliminary nature 
as only one series of measurements was made iffi alcohol. 

In all these cases it has to be remembered that the amount of 
silver iodide distributed through the solution is only a small 
fraction of the total amount, as the precipitate, especially j 0 
alcoholic solution, soon coagulates, and then rises to the top or siniks 
to the bottom of the solution, being thus to a great extent removed 
from the sphere of action. 

In experiments III and IV, besides silver 'iodide, a little 
potassium nitrate (1/240 molar) is formed on mixing the solutions. 
Direct experiment, shows, however, that even in 1/20 molar solution 
potassium nitrate exerts no appreciable influence on the rate of 
the reaction *in aqueous solution, and the same may safely be 
assumed as to its effect in alcoholic solution in so small con- 
centration. 

According to the above table, the rate in ethyl alcohol is to the 
rate in water as 3 : 1, a result not in satisfactory agreement with 
the recent measurements of Burke and Donnan (Zeitsch. phy&ikal, 
Chem., 1909, 69, 148), who find the ratio to he about 6: 1. 

Discussion of Results. 

(1) The Catalytic Influence of Silver Halogen Salts . — In the 
previous pages it has been shown that silver bromide and silver 
iodide, even in extremely small concentration, exert a marked 
accelerating effect on reactions in which silver salts and halogen 
compounds are concerned. The conclusions drawn by previous 
observers as to the mechanism of such reactions require revision 
in the light of this observation. 

The magnitude of the effect under favourable conditions is shown 
by the fact that 1/1000 molar silver bromide (about 0'002 gram 
in 12 c.c. of the reaction mixture) doubles the initial rate of 
reaction between silver nitrate and bromopropionic acid. Unfor- 
tunately, an accurate investigation of this effect is rendered very 
difficult by the fact already mentioned, that the precipitate soon 
coagulates and is withdrawn from the sphere of action by rising 
to the top or sinking to the bottom of the solution. 

In order to find whether the catalytic influence pertained to the 
halogen compound in all forms, about 01 gram of freshly pre- 
cipitated and carefully washed silver iodide was added to a mixture 
of silver nitrate and methyl iodide, and the rate of the reaction 
measured. The mean value of the velocity-coefficient in the 
presence of the added iodide was 0-00041, in its absence 0’00035, 
a comparatively small acceleration. The data quoted in table 
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^VIII fW amouni pf iodide, precipitated in 

the reactioli "nui3^tf 0, produces a much greater acceleration. 

It, seems probably, therefore, that the catalytic power is connected 
Tffith the fineness of division of the silver iodide, possibly with its 
occurrence in the colloidal (hydrosol) form. Lottermoser and 
Rothe ( Zeitsch . physikal. Chem ., 1908, 62, 359) have shown that 
silver iodide hydrosol is much less stable when the silver nitrate 
jg in excess than when excess of potassium iodide is present. As 
the silver salt is necessarily in excess in the reactions now under 
investigation, the comparatively rapid coagulation of the precipitate 
is accounted for. The view that the acceleration is connected with 
the colloidal form of the silver iodide appears to he supported by 
the observation that the catalytic effect is much smaller in alcoholic 
solution, in which the hydrosol appears to be less stable. 

These observations are interesting also in connexion with the 
experiments of 'Miss Burke and Donnan on the reaction between 
the alkyl halides and- silver nitrate in alcoholic solution. They 
found that whilst the velocity-coefficients calculated for a reaction 
of the second order remained more or less constant with variation 
of the initial concentration of the alkyl iodide, they increased with 
increasing concentration of the silver nitrate. In other words, if 
we consider a reaction-mixture originally Nj 20 with regard to 
both components, at the moment when the concentration has fallen 
tojV/40, the reaction is found to he proceeding more rapidly than 
in a solution in which the reacting substances are originally Nf 40. 
In spite of a very detailed investigation, the results of which have 
just been published ( Zeitsch . physihal. Chem., 1909, 69, 148), the 
authors have obtained no satisfactory explanation of , this 
phenomenon, although they favour the suggestion of Wegscheider 
and Frankl ( Monatsh ., 1907, 28, 91) that it is the non-ionised silver 
nitrate which enters into reaction. 

It is evident, however, that the results could be at once accounted 
for if silver iodide exerts a catalytic action in alcoholic solution, 
is it has been proved to do in aqueous solution in the present 
paper. The experiments in alcoholic solution quoted in table 
XVIII are, as already mentioned, of a preliminary character, and 
die matter is now being further investigated by Miss Burke. If the 
ibove explanation proves tenable, there will no longer be any 
experimental justification for Wegscheider ’s suggestion {loc. cit.) 
iat it is the non-ionised silver nitrate which reacts. 

(2) The Mechanism of the Reactions . — The mechanism of these 
factions appears to be rather complicated, and the full discussion 
s postponed until the results of further investigations are available, 
flore particularly the rate of reaction of the halogen-substituted 
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of the inactions. Reactions of this type have often been discussed 
by previous observers, but no very definite conclusions as to their 
mechanism have been drawn. All that can be said with certainty 
is that the relatively great velocity is conditioned in some way 
iby the tendency to formation of the halogen silver salts (compare 
Euler, j?er., 1906, 39 , 2726; Wegscheider, MonaUh., 1907, 28 , 79). 
In this connexion it is interesting to note that definite compounds 
of silver nitrate with certain organic halogen compounds (for 
example, AgN0 3 ,CH 2 I*CN and AgN0 3 ,CH 2 I 2 ) have been prepared 
by Scholl and Steinkopf ( Ber 1906, 39 , 4393). 

The fact that silver bromide and iodide exerts a catalytic effect 
<& the reactions renders the interpretation of the results somewhat- 
difficult, as we are not entitled to assume that the observed 
velocities are proportional to the intrinsic velocities. Pending 
further investigation, however, it may be assumed that the nearest 
approach to the relative intrinsic velocities is obtained by taking 
the initial velocities of the respective reactions. 

It has already been pointed out that as regards compounds of the 
type R«CHBr*00 2 H and their sodium salts, the velocity increases 
greatly with the complexity of the substituting group R. UndeT 
corresponding conditions, the relative reactivities of the first three- 
acids and their sodium salts with silver nitrate are as follows: ^ 


CH 2 Br’C0 2 H. 

0*0000055 

[ 1 ] 

CH 2 BrC0 2 Na. 

0*000016 

[4] 


CHMeBr*OO a H. 
0-00055 “ 
[ 100 ] 

CHMeBr’CO a Nft. 
0-0025 • 
{450] 


CHEtrf'COjH. 

0-0025 

[450] 

CHEtBr’CCWta. 

0-0060* 

[ 1100 ] 


The numbers in brackets give the relative reactivities of the 
compounds referred to the slowest as unity. The relative velocities 
depend to some extent on the concentrations for which the measure- 
ments are made — the above values are valid for Nj 30 solutions o! 
the reacting substances. 

The velocities of these reactions have already been compared with 
those in which the halogen has been displaced in the presence of 
?vater alone, and when the sodium salts are acted on by alkali, aaa 
it has been pointed out that the reactions in which silver salts are 
employed are much more rapid. The reactions now under con- 
sideration also differ from those described in the previous paper? 
as regards the magnitude of the difference in the reactivities. B 
is not usually considered that the substitution of a methyl group 
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i? hundred times 

more" active than bfomoacetic acid as regards silver nitrate. It is 
hoped that measurements with the corresponding esters will throw 
some light on the causes of this remarkable difference. 

The fact that the sodium salts of the bromo-fatty acids react 
m ore rapidly than the free acids with silver nitrate is doubtless 
connected with the fact that the concentration of silver salt is 
higher in the former solutions than in the latter. The equilibria 
in the case of bromopropionic acid are represented by the 

equations : 

CHMeBr*C0 2 H + AgN0 3 ^ CHMeBr*C0 9 Ag + HNO s (1). 

CHMeBr*C0 2 Na+ Agtf0 3 ^ CHMeBrC0 2 Ag -f NaN0 3 (2). 

As bromopropionic acid is a relatively weak acid, the equilibrium 
for reaction (1) will be displaced towards the right to a sihs3|jjr 
extent than in equation (2), and therefore the concentration 
silver bromopropionate — perhaps the substance which really reacts 
—will be smaller in the former case than in the latter. Similar 
considerations account for the fact that the initial rate of reaction 
of silver acetate is greater- than that of silver nitrate (p. 355). In 
the former case, the equilibrium is represented by the equation : 
CHMeBrC0 2 H -PCHg’CC^Ag ^ CHMeBr*CO s Ag + CH 3 *C0 2 H (3). 
and owing to the fact that acetic acid is a much weaker acid than 
bromopropionic acid, the equilibrium will be displaced towards 
the right, and the concentration of silver bromopropionate will be 
relatively great. 

Another way of interpreting these results is to assume that it is 
the CHMeBrCOCy ion which reacts with silver nitrate. It can 
easily be calculated that the ratio of the CHMeBr , COO / ion con- 
centration in sodium bromopropionate and bromopropionic acid in 
iV/30 solution is about 4'5: 1, which approximates to the ratio of 
their reactivities with silver nitrate. Similarly, the CHoBrCOO' 
ion concentration in sodium bromoacetate and the free acid is 
about 4:1, whilst the ratio of their reactivities with silver nitrate 
is about 3:1. 


The suggestion that it is mainly the ions of the bromo-fatty 
acids which react with silver nitrate is further supported by the 
experiments with nitric acid (p. 351). It can readily he calculated 
that the CHMeBrCOO' ion concentration in iV/20-bromopropionic 
a( dd is reduced to about l/7th of its value by the addition of 
tf/15-nitric acid, which is just the ratio in which the reactivity 
of bromopropionic acid towards silver nitrate is reduced by the 
same proportion of nitric acid. 

The fact that the rate of reaction is approximately proportional 
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to the concentration of tKl o propionic ^d^iwbead of to the 

square root of the concefaftatioh (p. ; 34$) sight to 

be opposed to the view that the ions are thp active agents, but 
this may be due to complications arising from the catalytic influence 
of the silver bromide. 

There is no conclusive evidence as to what function of the silver 
nitrate is concerned in these reactions, but the fact that sodium 
nitrate retards the reaction considerably speaks rather for the view 
that the Ag* ions are the main active components. Should this 
suggestion prove, on further investigation, to be well founded, an 
interesting explanation of the great reactivity of bromo-fatty acids 
with silver salts may be given on the basis of considerations 
developed in a previous paper (compare Trans., 1909, 95, 1839^, 
It has been suggested that the relatively slow reaction between 
CH s ’CHBr*CO(y ions and OH / ions is connected with the mutual 
fepulsion of the negative charges, and it may therefore be antici- 
pated that the reaction between the CH^CHBr’COO' ion and a 
positively charged ion (in this case the Ag* ion) will be relatively 
rapid (compare table, loc. cit. y p. 1835). 

The interpretation of the results is complicated by the equilibria 
represented by equations (1), (2), and (3) (p. 361). An attempt 
■will be made to prepare pure silver bromopropionate and measure 
its reactivity, but owing to the great instability of the salt it will 
probably be difficult to obtain trustworthy results. 

In conclusion, I desire to thank Mr. R. W. Davies and 
Mr. T. J. Ward, of St. Mary's Hospital Medical School, for valuable 
assistance in the experimental part of the work. 

Chemical Department, 

St. Mary’s Hospital Medical School, W. 


XL . — Derivatives of S-Phenylphenazothionium. 
Part III. 

By Edward de Barry Barnett and Samuel Smiles. 

In two previous communications (Hildifcch and Smiles, Trans., 1908, 
93, 145, 1687) the products obtained by the condensation of the 
nitrodiphenylamine sulphoxides with phenol and phenetole were 
described. Reasons were then adduced for regarding these sub- 
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stances the process by 

w hich they ^emg formulated as follows : 


NH 

|»o/ (NOj] + C fi H 5 -OH 

\/\A/ 

so 


NH 

+ H S o. 

4 wv 

* s 

/\ 

Ac C 6 H 4 'OH 


In the meantime the study of the intramolecular rearrangement 
of the diphenylamine o-sulphoxides (Trans., 1909, 95 , 1253; this 
vot, p. 186) has enabled us to obtain evidence throwing further 
light on the formation and reactions of these substances. We 
have therefore extended our experiments with derivatives of this 
group in order further to discuss their constitution and chemical 
behaviour. '**'•' 

In the first part of this paper the constitution of these derivatives 
is discussed, and in the latter part the factors governing their 
formation are considered. 


I . — The Constitution of the Derivatives . 

When dinitrodiphenylamine o-sulphoxide is treated with a phenol 
or its ether in presence of concentrated sulphuric acid, the sulphates 
of the dinitro-compounds of the group are formed. In discussing 
the constitution of these substances, it has been pointed out (Trans., 
1908, 93 , 1688) that on general grounds only three alternative 
structures can be entertained; these respectively involve the 
J-aryl (I), the C-aryl (II)), and the 5-aryl (III) arrangements: 


Ar 

H*K*Ac N Ar 



Ac Ar 
(III.) 
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still further to strengthen this conclusion. 

The IS- Aryl Structure . — In order further to tost the validity of 
this structure, we have prejpred A-phenylthiodiphenylamine 
means of the reaction devised % I. Goldberg ( Ber.> 1907, 40 , 4525 ) 
for the phenylation of aromatic amines, and we find that the 
properties of this substance and its nitro-derivatives are entirely 
different from those of the compounds the structure of which is 
question. 

'N-Pkenyltkiodipheivylamme. 

A mixture of 10 grams of iodobenzene, 5 grams of thiodiphenyh 
amine, 4 grams of potassium carbonate, and 0'5 gram of' copper 
iodide was boiled with excess of bromobenzene f$r eighteen hours 
in a flask provided with a reflux arrangement. Water was then 
added, and the volatile benzene derivatives were removed with the 
aid of a current of steam. The solid residue was boiled with 
alcohol, and the solution was separated from the residue by 
filtration. The product remaining in the filtrates usually contains 
a considerable quantity of unchanged thiodiphenylamine, but 
crystallisation of the more soluble portion, N-phenylthiodi'phet 0- 
amine was obtained in short, yellow prisms, which melted & 
89 — 90 °: 

0'2006 gave 0’5790 C0 2 and 0'0906 H 2 0. C = 78‘7; H=5u 
C 18 H 13 NS requires C = 78’5; H=4*7 per cent. 

In chemical behaviour the substance closely resembles A-methyl- 
thiodiphenylamine. It is soluble in concentrated sulphuric acid, 
giving a crimson solution, being then partly oxidised to the phenazo- 
thionium salt. The basic properties, if, indeed, any are manifest, 
are very weak, since no salts could be isolated. When nitrated 
under the conditions required to obtain the dinit ro-sulphoxide from 
A-methylthiodiphenylamine, the substance furnishes a mixture of 
polynitro-compounds, which could not be satisfactorily separated, 
However, it is sufficient for the present purpose to record 
the properties of the nitrated substance. It is crystalline, 
yellow in colour, insoluble in and unattacked by aqueous alkali 
hydroxide, and, like the corresponding A -methyl derivative, may 
be condensed with phenetole in presence of concentrated sulphuric 
acid. It is very soluble in cold glacial acetic acid. The following 
table is given in order to emphasise the distinction between these 
derivatives and the condensation product obtained from dinitro- 
diphenylamine o-sulphoxide and phenetole: 



.^ART in. 


Colour 
Action of acids on t 


ylajd&jne.^deriTa 

Yellow - Yellow 
No salts formed 


tration prodactX 
jB^tolcand. dinitro- ' 
Jft^Wstdphoxide. 
Crimson an4 finaresknt 
iii solution. 

formed Stable ’green salts ob- 

tained. 

Condensation Salt formed, but no 
further action. 


Actio 15 of H a SO< and — Condensation Salt 'formed, but no 
pheuetole. further action. 

The fact that V-phenylthiodiphenylamine and ita nitro- 
derivatives do not form salts, whilst the green salts in question 
aie quite Stable, is alone sufficient to show that the latter do not 
contain the N-tiryl structure. Moreover, if these salts contain the 
jY-aryl structure (I), it is clear that the action of alkali must 
famish a dinitro-iV-phenylthiodiphenylamine, but instead ' they 
yield crimson, fluorescent bases (Trans., 1908, 93, 151, 1693), which 
are entirely different from the nitro-derivatives of A r -phenylthiodi- 
phenylamine. Fit these reasons the N - aryl structure for theses 
tompounds must be finally rejected. . .gp 

The C -Aryl Structure (II). — It was previously shown (Trans.*’ 
1908, 93, 1689) that if this structure were correct, the substance 
must be formed by simultaneous oxidation of the phenol and the 
phenazothionium salt (IV) : 

N 

•sy\/\ 

°^Uw N ° 2 • 

s 


OH 

(IV.) 

According to this view, the latter substance would appear as an 
intermediate product formed from the dinitro-sulphoxide (I) by the 
action of the concentrated acid (see Trans., 1909, 95, 1261). Much 
evidence has already been adduced for abandoning this view, hut, 
since it is now possible to obtain the dinitrophenazothionium 
hydroxide in the pure condition, we have been able to submit the 
question to direct test. Numerous attempts, were made to effect 
the condensation of this phenazothionium hydroxide with phenetole 
by means of concentrated sulphuric acid both without and' in 
presence of a mild oxidising agent, but they were unsuccessful. 
In these experiments the greater portion of the phenazothionium 
hydroxide was unattacked, whilst the remainder was converted into 
a tarry material from which no definite product could be isolated. 
However, more cogent argument against this structure is furnished 
by a comparison of the properties of the dinitrophenazothionium 
hydroxide and the phenolic compound the constitution of which is 
sought. It has been elsewhere shown (Trans., 1909, 95, 1256) that 
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in the former subitj .. . - 

group is depressed :$y the presence Of the nitafo*groups m 
adjapent benzene nuclei; in fact, the substance does not form salt* 
with aqueous mineral acids. But on examining the formula (ij) 
which represents the (7-aryl structure for the phenolic compom^ 
it will be seen that, if this were correct, the substance must exhibit 
a similar lack of basic properties, for it cannot be supposed that 
these would be strengthened by the linking of a phenolic residue 
to one of the aromatic nuclei in the azothionium complex. Since 
all the dinitrocompounds of this group which have been obtained 
exhibit well-defined basic properties, it is clear that they caunol 
be derived from the (7-aryl structure, which for this and othei 
reasons (Trans., 1908, 93, 1689) must now he finally rejected. 

The S -Aryl Structure .— This constitution now remains as the 
only possible alternative, and, as previously shown (Trans., 1908, 
93, 1687), it is to be anticipated from the characteristic 

behaviour of the thionyl group in aromatic sulphoxides, since the 
latter substances are converted into sulpbonium salts by treatment 
with aromatic compounds in presence of phosphoryl chloride or 
sulphuric acid. It will now be shown that the £-aryl structure is 
further justified by the analogy between these substances and the 
parent phenazothionium compounds. 

In discussing the mechanism of the change of the immo-tlionyl 
structure into the azothionium arrangement., it has been demon- 
strated (this vol., p. 186) that in this reaction the thionyl salts are 
first formed, and that these are subsequently converted into the 
quinonoid compounds. The process, reduced to its simplest terms, 
is represented as follows (V and VI) : 


+ HoO 


NH 

N 

/\ /\/\ 

AAA 


I- f 1 

| | | 'J 

\/W 

\/y\ 

8 

/\ 

Cl 

OH 01 

(V.) 

(VI.) 

NH 

N 

fYY^i - 

< / YY x i 

vw 

g 

V Y^ 

/\ 

Ar 

HO Ar 

(VII.) 

(VIII.) 


HoO 


aaueoua al^ a 

i\ow, wnen wie * . 

hydroxide, they are converted by loss of the elements of mine* 
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icid 'into aa > U5), for 

fjuch the qiiiaontfld 8tnict«re>(Vni) is accofSingly the only repre- 
mutation possible. It is clear that in this process the sulphonium 
hydroxides (VII) must be first produced by the action of the 
Saline reagent, and on referring to the formulae it will be seen 
^at the conversion of these substances into the quinonoid base 
is strictly analogous to the change of sulphoxide salt into the 
quinonoid sulphonium salt (V and VI). In either ‘ case the 
quinonoid arrangement is produced by removal of hydroxyl from 
the quadrivalent sulphur group. 

In both series it is possible to obtain the quinonoid derivatives 
[a the hydrated condition. If the green N-aryl salts are boiled 
5 dtb water or treated with cold aqueous sodium carbonate, the 
crimson hydrated bases are formed (Trans., 1908, 93, 151, 1693). 

In a previous paper dealing with the salts and hydrates of 
ptenazothioniuin (thiB vol., p. 186), we have shown that there is 
good reason for representing this additional molecule of water as 
forming the ammonium grouping (as in IX) : 

HON 'll 

/v>\/\ 

fiii 
\/\/\/ 
s 

Ar 
(X.) 

If this hypothesis is extended to the phenyl derivatives, the 
formula (X) forecasts the possibility of the existence of two series 
of salts: the green or yellow sulphonium salts (type III), as 
obtained with the dinitro-derivatives, and a red series, which would 
be the ammonium salts (type X). We have been able to show 
that the latter exist. The sulphonium grouping in the dinitro* 
derivatives which give the green salts is of moderate basic power, 
and it is evident that if these red ammonium salts exist they must 
be sought for in derivatives where the basic properties of the 
tulphonium group are still further depressed. With this object in 
view the tetranitro-derivative of this series was investigated. 


HO-N-H 


N/V'V' 

s 

Cl 

(IX.) 


Tet rani t ro -S-p h me tyljjihenazo t hionium . 

Finely powdered tetranitrodiphenylamine o-sulplioxide was mixed 
with a large excess of concentrated sulphuric acid. Some of the 
sulphoxide dissolved, but the greater portion remained in suspen- 
sion. Excess of phenetole was then gradually added to the cold 
fixture, which was constantly agitated and kept within the limits 
of atmospheric temperature. As increasing quantities of the 
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reag^^^^uoed^^^^^er' pa ^ 

\hrq^g^^Ba >wdo 1, and then poured" on a large bulk of me ] t ^ 
ic$. Tfie 'now insoluble reddish-brown material was collected, ^ 
? washed with cold water, and finally dried at the atmospheric ten 
perature. This crude material was purified by rapid extraction 
with acetone in a Soxhlet apparatus. The acetone solution result 
ing from this operation was concentrated on the water-bath, and 
then, when cold, it was mixed with a little ether. The first p^. 
cipitate was removed by filtration and rejected ; but on adding a 
-further quantity of ether to the filtrates, tetranitro-S-phenttyl 
phenazothionium sulphate was gradually precipitated in minute, 
reddish-brown crystals. Analysis was conducted with two s 
from different preparations : 

0 1877 gave 0*2728 C0 2 and 0'0553 H 2 0. C = 39*65; H = 3'2. 

0*1328. „ 01937 C0 2 „ 0*0391 H 2 0. C=39*8; H-3’2. 

C 2Q H 13 0 d N 5 S,H 2 S0 4 requires C=40‘2; H = 2*5 per cent. 


The substance does not melt below 250° ; it is insoluble in water 
or cold alcohol, and soluble in acetone. The solutions in the last- 
named solvent are not fluorescent, like those of the dinitru- 
compounds. 

The base is readily obtained in the hydrated form by boiling the 
sulphate with water. A sample, which had been dried in the 
steam-oven, was analysed ; 


0*2014 gave O’ 3404 C0 2 and 0'0652 H 2 0. C = 46'l; E = 3‘6. 

C 2 <)H 13 0 9 N 5 S,HoO requires C=46'4; H=2*9*per cent. 
TetranitroS-yhenetylphenazothionium hydroxide is insoluble in 
water, and very sparingly soluble in boiling alcohol. 

Finally, on comparing the difiitro-compounds of the $-phenyl 
series (XI) with those of the parent series (XII) : 


N 


jNO a | N0 2 | 

\/V\/ 

S 


N 

/V\/\ 

INOJ |NO s [ 

Wv 

s 


C 6 H 4 *OEt OH 

(XI.) (XII.) 


it is seen that in the former class the basic function of the sub 
phonium group is appreciably increased by the substitution of 
aryl for hydroxyl at the quadrivalent sulphur. But it may be 
remarked that this increase in basic power is to be expected from 
the general influence of this substitution in simpler compounds of 
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Quoted to illustrate 


■jorfbo) Sulvbwous 
acid 


(ortho) Fhenetylsulphinie ! 
acid. 


HO^ w >C fl H 4 *OEt 

(ortho) Phenetyl- 
sulphoxide. 

Very weak ba$e, 


EtO*C fl H 4 x ^C G H 4 -OEt 

TriphcnetylsulphoniuTn. 

4 Strong base. 

and it is clear that the successive replacement of the hydroxyl 
groups in ortho-sulphurous acid gradually increases the basic power 
of the group in question. 

From these considerations it is seen that the chemical behaviour 
of the condensation products agrees very closely with that which 
would be expected, for them on the basis of the 5-aryl structure-, 
from analogy to the simpler phenazothionium hydroxides. Moreover* 
since all other possible structures have been shown to be untenable 
the 5-aryl constitution must now be regarded as finally established. 


II . — Formation of the S-d . rylphenazothionium Arrangement. 

The factors which control the formation of these derivatives are 
to be found in the nature of the diphenylamine o-sulph oxide 
employed and in the group which is to enter the thionium arrange- 
ment. These will be considered separately. 

(a) The Influence of the Character of the Sulphoxide . — It has 
been previously mentioned that the derivatives of the 5-aryl series 
are obtained by the condensation of a diphenylamine o-sulphokide 
with an aromatic compound in presence of concentrated sulphuric 
acid (see formulae on p. 363). But by no means do all the 
sulphoxides of diphenylamine behave in this manner. Previous 
experiments (Trans., 1909, 95 , 1253) have shown that, when 
treated with acid reagents, some of these sulphoxides are imme- 
diately converted into salts of phenazothionium (V and VI)^ and 
the latter substances are incapable of undergoing the required 
condensation. It is therefore evident that the answer to thb 
question whether a given sulphoxide can yield the 5-aryl derivatives 
by this reaction must depend on the stability of the sulphoxide 
m presence of the strong acid. If the sulphoxide is instantaneously 
converted by the acid into the phenazothionium salt, the 5-aryl 
derivative will not be formed ; but if this conversion does not take 
place, or if it is sufficiently slow to enable the condensation to be 
effected before it has proceeded far, then the 5-aryl derivatives 
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can be obtained. Th 
the six sulphoxides wh$ 


haviour ftf 


Sulphoxide. 

Diphenylaminc o-su1pho*ide 

jV- Methyldiphenylarn i nn „ 

jop-Dinitrodiphenylamin© ,, 

Dii&mitrodiphenylamine ,, 

Dinitro-A T -niethyldipheDylamme 

o-sulphoxide. 

Tetranitrodipheuylamine o-sulph- 
oxide. 


In concentrated HjSO^ with phenetole. * 

Immediate rearrangement No condensation 

Rearrangement slow Condensation 

fresh solution, 

>i n Condensation with 

fresh solutions. 
>i » Condensation with 

fresh solutions. 

No rearrangement ap- Condensation, 

preciable. 


Of these six cases, those of the dinitro-derivatives are the more 
noteworthy. When phenol is added to freshly prepared solutions 
of these substances, the ^-hydroxy phenyl derivatives arc readily 
formed, and the yield is almost quantitative; but with solutions 
which have been kept some hours, the required reaction does not 
take place. The intramolecular rearrangement of these sulphoxides 
which thus militates against the formation of the $-aryl derivativl 
is favoured by the increase of the basic function of the thiod| 
phenylamine nucleus (this vol., p. 186). Hence it is clear that da 
introduction of basic groups in the sulphoxide will tend to hind| 
the formation of the S-aryl compounds, and the addition of acidic 
groups will tend to exert a favourable influence. This favourable 
effect seems to attain a maximum in the dinitro-compounds, for 
these are more reactive and furnish better yields tihan the tetra- 
nitro-derivative. It appears that in these substances the thionyl 
group is still sufficiently basic to yield readily the sulphoxide salts . 
(V) which form the preliminary stage of the reaction (Smiles 
and Le Rossignol, Trans., 1906, 89, 697). The more sluggish 
condensation of the tetranitro-derivative may be ascribed to the 
lessened tendency to form these salts, which is due to the further 
addition of acidic substituents. 

(6) The Nature of the Groups which may enter the Tkionkm 
Arrangement . — Experiments have shown that the chief types of 
simple aliphatic compounds do not furnish these sulphomum 
derivatives under the normal conditions of the reaction. The 
formation of these derivatives seems confined to compounds qpn- 
taining an aromatic complex or an arrangement similar thereto. 

The capability of an aromatic compound to condense with the 
diphenylamine sulphoxide is determined by the reactivity of the 
aromatic nucleus in the compound in question, and this, in. turn, 
depends on the number and nature of the substituents present. 

Of the aromatic hydrocarbons, benzene and toluene are inactive, 
but if suitable groups are introduced, the condensation can he 
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readily .acts very sluggishly, but 

from mesii^^0' ? W’ sulphonium base is easily obtained. 

Dinitro-&mesitylphenazothionmm'. 

Excess of mesitylene was slowly added with constant agitation 
to a freshly prepared ice-cold solution of pp'dinitrodiphenylamine 
gulphoxide in concentrated sulphuric acid. After each addition 
of the hydrocarbon, a sample of the liquid was withdrawn and 


loured into cold water. When the precipitate obtained in this 


fanner was 0 f a pure green colour, the addition of the hydro- 
carbon was interrupted, and the reaction mixture was poured on 
powdered ice. The sulphate was then collected and washed, first 
with water and then with ether, to remove adherent mesitylene 
and other oily impurities. After renewed washing with water, the 
salt was triturated with a cold aqueous solution of sodium car- 
bonate. The solid base was collected, and washed with water until 
free from alkali. After purification, dinitro-S-rnesitytyhenazo- 
ihionmm hydroxide was obtained in minute, chocolate-brown 
crystals of high melting point. A sample which had been dried 
at 100° was analysed : 

0 2024 gave 0*6660 C0 2 and 0*0868 H 2 0. C = 59*8; H=4*7. 

C 2 iH 17 0 4 NsS,Hg0 requires C = 59*3; H=4*47 per cent. 

The base is sparingly soluble in hot water, giving purple solutions, 
and readily so in cold acetone. 

Generally speaking, however, the reactivity of the hydrocarbons 
is sluggish in comparison with the hydroxy- and amino-derivatives 
of benzene. Qualitative experiments made with a wide range of 
material have shown that almost all aromatic compounds containing 
these groups alone readily furnish the $-aryl derivatives with the 
dinitro-sulphoxides. But since the products obtained from these 
substances for the greater part resemble the 8 f -hydroxy-phenyl and 
-phenetyl derivatives which have already been described in detail, 
no particular interest would have been served by the isolation 
md analysis of each compound. However, the case of the 
5-salicyl derivative is worth especial mention, since it occurs as a 
;rue carboxy-thetine. 


Dinit ro-S-salicylfh enazo thio nium. 

The condensation of pp-dinitrodiphenylamine sulphoxide with 
salicylic acid was effected in the usual manner. The crude product, 
after being well washed with cold water, was dissolved in dilute 
aqueous alkali hydroxide. The solution was then clarified by 
filtration, and then mix ed with dilute sulphuric acid in exactly 
VOL. XCV1I, C C 
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■with 

a sample •which had bedPw ashed with alcohol and dried in tie 

%$am-oven : 

0*2036 gave 0*3858 CO 2 and 0*0608 HjO. C — 51 6; E=3*2. 
0*1510 „ 12*5 c.c. N 2 at 23° and 750 mm. N=9*l. 
C 19 H 18 0 8 N 3 S requires 0=51*6; H = 2*9; N = 9*7 per cent. 

DinitrO'S-wlicylyhenazotMomum hydroxide forms a mustard 
yellow, amorphous powder of high melting point. 

It is worth observing that the substance obtained in this manner 
is not the --sulphate of the 5-aryl base which might be expected 
; from analogy to the 5-hydroxyphenyl derivative. Evidently the 
sulphonium salt is internally formed with the carboxyl group, the 
additional molecule of water being present as with most thetinea 
find betaines: 

v NH 

o N! i I Ino * ^2^* 

° 2 \/\/\/ 2 

(JH— S 

CO“C a H s ’OH 

!the substance is more stable than the salts of the 5-hyd 
phenyl series, being unattacked by boiling water ; hut it is r“ 
in alkali, giving deep red solutions of a sodium salt. 3 

* Turning to the condensation products obtained front : iiaphthal&i 
derivatives, it has been found that the wide scope of the reactioi 
observed with benzenoid compounds is well sustained. Although 
naphthalene itself does not react with the dinitro-sulphoxides, all 
hydroxy- and amino-derivatives which have been examined readily 
form the 5-naphthyl derivatives. These possess well-defined tinc- 
torial properties, and when sulphonic groups are present the 
compound is readily soluble in cold water; but the simple hydroxy- 
and amino-derivatives are sparingly soluble. Some of the chief 
examples of the 5-naphthyl derivatives are described in the follow- 
ing table: 

Condensation of the pp-Dinitro- ' _ 

sulphoxide with Colour. 

«#aphthylamme Purple; sparingly soluble. 

fl^aphthylamme » Eed dish -brown ; sparingly s 

n-Kaphthol Blue; sparingly soluble. 

2-N aph thy l$mi n e- 6 : 8-disuiphonIc acid .. Crimson ; soluble. 

2*Kaphtbylamine-6*sulphonic acid Crimson; ,, ... iu,ii 

^^-%hol-6 : 8-disulphonic „ Brown; „ violet m 

tthol-S : 6-disnlphonic „ Crimson; ,* . „ • 

ft{hol-6-3u]phonic Olive green, violet in aiun. 
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jgu^frri 3f^<M^j^®KvcoSStion^ Tfie f p%fi^^properties of the 
0 -n&phthol aenvative are perhaps worth special iasiption. After 
tt jjj^rgoing S pfocera of purification, tfie substance was finally 
obtftioed as a blue, viscous jelly, which, on being broken by shock, 
exhibited a dry fracture. 

fhese iS'-aryl derivatives of phenazothionium are not formed by 
afi aromatic compounds, the most prominent exceptions being the 
gunple nitro-derivatives of benzene and naphthalene. From a 
general point of view the reaction may be said to be controlled 
hy conditions similar to those observed in the process of sulphination ■ 
(Tians., 1908, 9S, 745), but hitherto the influence of the so-called- 
eteric conditions has not been observed. The resemblance between-: 
these processes is not surprising, since the formation of the tf-aryt 
phenazothionium salts from the sulphoxides is evidently analogous* 
to the third stage in the ordinary process of sulphination whejn$| 
the triaryl-sulphonium salt is' formed from the sulphoxide. jpbflf 

Finally, it is necessary to point out that the condensation ofg 
the thionyl group in the dinit ro-sulphoxide is not confined solely^ 
to aromatic compounds. For example, thiophen readily furnishes ’ 
the (S-thienyl derivative. 


S ‘Thienylphenazothionium. 

The condensation of thiophen with pp^initrodiphenylamine 
sulphoxide was effected in the usual manner; but since much , 
charring takes place during the reaction, the reagents were employed : 
only in small quantity at each operation, and the temperature was 
kept below 5°. The impure sulphate, obtained by pouring the 
united reaction mixtures into water, was collected, washed first 
with water, and then with alcohol, and finally triturated with 
aqueous sodium carbonate. The impure base was collected, washed, 
and dried in the steam-oven. The dry product was crushed to a 
fine powder, and rapidly extracted with a little acetone to remove 
soluble impurities. The remaining product was crystallised from 
boiling phenetole, which, on cooling, deposited dimtro-S-thienye- 
phenazothionimn hydroxide in large, led prisms, which exhibited a 
Steel-blue lustre. The substance is very sparingly soluble in cold 
ketone, and does not melt below 250° : 

0*2032 gave 0*3828 C0 2 and 0'0330 H 2 0. C=50*6; H = l*8. 

C ieHAN 8 S 2 ,|H 2 0 requires C = 50‘5; H = 2‘6 per cent, I s 

From the analytical data it appears that the normal Bulphomum 
hydroxide has lost water during the recrystallisation from the high 

C C 2 
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boiling ’ solvent ; unfortunately 'tlitf 
small to enable the analysis to be ? 6 pedte&. 


™ too 


In conclusion, we desire to express our thanks to Dr. Cain f ot 
kindly lending us samples of the various amino- and hydroxy. 
Bulphonic acids of naphthalene which were employed in this invest*, 
gation. We also wish to thank the Research Fund Committee of 
the Society for a grant which has defrayed the expense of this 
research. 


The Organic Chemistry Laboratory, 
University College, London. 


XU. — Apparatus for Demonstrating the Electrolym 
of Hydrochloric Acid. 

By Augustus Edward Dixon and John Taylor. 

Those who have occasion to use Hofmann’s apparatus for showing 
the electrolytic decomposition of hydrochloric acid into equal 
volumes of its constituent gases, soon become aware that its com- 
parative simplicity has been attained only at the cost of pne 
disadvantages. Of these it is sufficient to mention (i) the leakage 
of the acid electrolyte at the bottom of the H -shaped tube 3 (ii) a 
difficulty in ascertaining when the saturation with chlorine is 
complete; and (iii) the possibility, in certain circumstances, of 
the two gases becoming mixed. Various devices have been proposed 
to obviate these troubles; they are, however, not very satisfactory 
in practice, and in any case, when it comes to the final demonstra- 
tion, there is always distinct inequality between the volumes of 
the liberated gases. 

In L. Meyer's improved apparatus (Ber., 1894, 27, 850), the « 
simplicity is abandoned ; for, whilst Hofmann's original form of 
voltameter is retained, the gases are. delivered apart, under 
diminished pressure, into separate tubes, one of which, containing 
water, serves to collect the hydrogen; the other, filled at first 
with saturated chlorine-water, receives the chlorine ; each of these 
tubes, open below, stands in a trough of the liquid with which 
it is charged. Over the earlier form Meyer's modification has one 
distinct advantage, since by means of it the equality in volume of 
the resultant gases may be demonstrated; on the other hand, ^ 
only rniftt saturated chlorine-water be prepared, and the collecting 
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<m tne lecture-table, of 
^ open tti$h cliargcd with this liquid ia not free from objection. 
Moreover, the three ^disadvantageous features mentioned above are 
not eliminated. 

The apparatus here figured, although less simple than that of 
gofmann, is sufficiently compact to be set up on a single stand, 
and in practice has given results that are satisfactory. Briefly, 
it consists of two parts : A, the electrolyser, and B, the vessel for 



receiving and measuring over concentrated sulphuric acid the gases 
delivered from A. 

The electrolyser is a U-tube of 1-inch bore, having near each end 
a delivery tube, as shown; a well-paraffined cork in each neck 
carries a half-inch carbon cylinder, one foot long; to the projecting' 
bee end of this rod a brass binding screw, is clamped. 

The collecting and measuring vessel is a tall U-tube, of some 
five-eighths to three-quarters of an inch in bore and about 14 



ind 

upward, is sealed on a &p, having 

IktaSgiM to the piano of the U-tube. Into the top of ^ 
measuring tube is ground a hollow glass stopper, which tenuis^ 
in an obliquely bored two-way tap, communicating at will, either 
with a short stand-tube of about onc-eighth of an inch in hoi, 
and an inch or so in length, or with the bent receiving tube, jjfi 
alongside; the distance between the latter and its fellow of tt| 
opposite side is such that each is in a straight line with the 
! corresponding delivery tube of the electrolyser. 

By- suitable pieces of glass and rubber tubing, the two mam 
parts are connected as shown, the hydrogen-connexions bemg made 
with butt-joints and thick-walled rubber tube, well smeared inside 
l iiith glycerol; between the chlorine delivery tube and the cone- 
Ending receiving tube a T-piece may conveniently be introduced; 
Ss, When provided with rubber connexion, pmchcock, and glas 
delivery tube, serves to pass the waste chlorine, when desired, to 
the table-draught, or into a beaker of lime. 

When the electrolyser is filled, the electrolyte may reach to yithm 
an inch of the delivery tubes. The receiver is charged m all 
three limbs to the level of the bottoms of the stoppers, where 
ground in to the measuring tubes; the sulphuric acid used for 
filling may be stained, if the operator wishes, by a method given 
below The parts are now connected; the pmchcock is opened^ 
both gas-taps are turned into position for receiving, and the pnj 
of the one for hydrogen pulled out sufficiently to allow this $ 
Hgn liberated, to pass freely out from the electrolyser into. J| 

“’The current is now turned on, and maintained until the i 
is seen to be escaping freely. To ascertain if saturation is C( . 
the pinchcock is closed, the chlorine-tap pulled out for a m® 
from its seat to equalise pressure, then both taps are pM^d 
simultaneously, and the lowest tap is turned on, so that the 
^accumulate in the collecting tubes under a pressure * 
greater than the atmospheric, or less, as may be desired. TJ™, 
no difficulty in knowing if saturation is complete, f , 
stage is attained, the two tubes fill at exactly the same rate fro. 

^Tomiarge the collecting vessel, the pinchcock is openrt & 
plug of the hydrogen-tap pulled out as at first, and P 

acid, which was drawn off, is returned to the a PP a ™‘“ 
the bulb at the top ; after this the procedure is as before. 




haft '£b?m 

^asu4^^r, to be hydrogen and chlorine respectively. 

Jt; is scarcely necessary to mention that the slowness {one can* 
t?rdly call it speed) of saturation with chlorine varies considerably, 
^cording to whether the electrolyte is hydrochloric acid alone, the 
lame saturated with salt, or saturated brine; in every case the 
Ldiousness is, of course, much reduced by preliminary saturation 


Jif the electrolyte with chlorine. 

' In conclusion, a few points may be noted. The gas-taps should 
te smeared with vaseline as lightly as will suffice to render them 
gas-tight; otherwise more or less chokage may occur; the ^ butt- 
joints, e tc., are recommended for the hydrogen connecting tubes 
on account of the facility with which this gas escapes through 
rubber; and the cork joints, of course, must be made tight 
with paraffin or other suitable luting; also, the carbon rod#, 
when done with, should be well washed and dried, to preveu$ 
disintegration. It is not easy for persons sitting at a distance 
to see clearly the accumulation in a narrow tube of colourless <3§! 
faintly-coloured gases over a colourless liquid. With the apparatus 
here described, this difficulty may be overcome by dissolving in 
the sulphuric acid enough chrome-alum to stain it deep green; 
if between the collecting tubes and the pressure- tube a sheet of 
milk-glass be interposed, with a light close behind, the filling of 
the former is rendered easily visible from any part of an ordinary 
lecture-room. The glass parts of this apparatus were made by 
Messrs. Baird and Tatlock, in accordance with drawings supplied 
to them. 


'University College, 
Cork, 


XLII . — The Solubility of Potassium Sulphate in Concen- 
trated Aqueous Solutions of Non-Electrolytes. 

By John Jacob Fox and Arthur Josiah Hoffmeister Gauge. 

In a recent communication (Trans., 1909, 95, 885) one of us 
showed that the solubility of potassium sulphate in water at 25° 
was decreased markedly by the presence of potassium acetate. 
Since the rate of the decrease is much greater with the more 
dilute solutions of potassium acetate, which are dissociated electro- 
lyticaily to a greater degree than the stronger solutions, the 
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presence of the potassion due j&O foilised ^ppt^siutia acetate might 
bo considered as being 1 the main factor in decreasing the solubility 
of potassium sulphate as distinct from the general effect of the 
second substance in solution, in this case non-ionised potassium 
acetate. With the view of gaining some further knowledge as to 
the action as precipitant of the second substance in solution, it 
was thought desirable to determine the effect on the solubility of 
potassium sulphate of a number of non-electrolytes, and to ascertain 
whether the nature of the non-electrolyte was to any marked degree 
concerned in the action. In the case of potassium sulphate a few 
determinations of this character have already been carried out, 
and the general result, both with electrolytes and non-electrolytes, 
is that the solubility of potassium sulphate in aqueous solution is 
depressed. From the point of view of the present communication 
the results of most interest are those of Girard (Bull. Soc. chim ., 
1885, [ii], 43, 552) for the solubility of potassium sulphate in 
aqueous ammonia, and of Rothmund and Wilsmore (Zeitscht 
fhysikaL Ghem ., 1902, 40 , 619) for the solubility in aqueous acetij 
acid and aqueous phenol. j 

While these results are similar to those described below, a stricf 
comparison cannot be made, since the alteration of solubility by 
volume has been used by these observers, whereas we prefer the 
alteration in solubility referred to a fixed quantity of water. A 
fair approximation to the depression of solubility by volume can, 
however, be deduced if it is assumed that the total of the volumes 
of the potassium sulphate and of the liquid in which it is dissolved 
does not alter. This gives a volume too great by rather more than 
1 per cent, in the stronger solutions of potassium sulphate, and 
practically correct in the weaker solutions. Thus it was found that 
aqueous alcohol, D| 0 9913, yielded a solution containing 7 per 
cent, of potassium sulphate, and having a density of 1*0499. The 
density of finely powdered potassium sulphate was found to be 
2*656 at 20°/ 20°. Hence 100 c.c. of the saturated solution should, 
from the composition, occupy 101*3 c.c. Similarly, a solution of 
glycerol and water, containing 7*2 per cent, of potassium sulphate, 
possessed a density of 1 1029, the original glycerol and water 
having a density of 1*0420. The calculated volume of 100 c.c. is 
101*2 c.c. As most of the solutions contain less than 7 per cent, 
of potassium sulphate, the errors introduced are less. Using these 
'calculated volumes, it will he found that the nature of the curves 
obtained is similar to that of Rothmund and Wilsmore referred 

to above. . , 

The substances used by us were ethyl alcohol, ethylene g y » 
glycerol, mannitol, chloral hydrate, sucrose, acetone, and pyrc lD 
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?he f?05a tte point of view of 

tie possible formation of definite hydrates, since it was thought 
possible that if with any mixture a simply hydrate was formed, 
a change in the solubility curve at this point would he found. 
With this object, mixtures with water in all proportions were taken, 
and the solubilities plotted against the percentage composition of 
aqueous solution. 

This method of plotting was chosen in preference to the method 
0 f reference to a fixed quantity of water, because of the difficulty 
of deciding whether water should he considered as solvent or solute 
in concentrated solutions * 

It is obvious from the curves that as the number of hydroxyl 
groups in the molecule increases, the precipitating effect of the 
non-electrolyte decreases, and if the curves are drawn with molecules 
of potassium sulphate as ordinate and non-electrolyte as abscissae, 
taking 1000 mclepules of water as fixed, the result is the same. 
Whether this would be found to apply to other salts cannot, of 
course, be decided without further investigation. None of the 
curves give any indication of discontinuity, so that on this view 
the existence of definite simple hydrates is negatived. This does 
not, of course, imply that the substances dissolved do not form 
complexes with more or less water, hut the most the results set 
forth hero can be said to indicate is that the non-electrolyte and 
water exert a material influence on each other, the action prevent- 
ing the water from dissolving the full amount of salt. There is 
one consideration, however, which is in a measure opposed to the 
results obtained by Jones and Getman from observations of the 
depression of the freezing point of aqueous solutions of non- 
electrolytes {Amer. Ghem. J. } 1904, 32, 308). From these 
observations, Jones and Getman conclude that the deviations of 
the observed values of the freezing point from the theoretical value 
are due to the formation of complexes of the solute and water; 
that in so far as some of the water is used up to form hydrates, 
less water remains to function as solvent for the hydrate, and that 
i therefore abnormally high results for depression of freezing point 
are obtained. It should follow that if some of the water ia pre- 
vented from acting as solvent in the case of hydrates, the same 
effect should be shown when a second substance (for example, 

During the course of this work, a paper by Rothmund appeared (Zeitsch. 
ptytikal Chem 1909, 69, 523), dealing with a somewhat similar problem, but 
using comparatively dilute solutions of the various alcohols and other organic sub- 
sknws. Their effects as precipitaats were studied in the case of lithium carbonate 
other sparingly soluble salts. Rothmund used fixed volume, and this is justified 
siMe the volume of the original solutions could be altered but slightly by the 
isolation, of sparingly soluble salts. 
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te Joi^and chloral hydrate, and 

skew any marked tendency to form hydrates, whereas sucrose, aadj 
particularly glycerol, show considerable hydration. We should j 
therefore expect alcohol, chloral hydrate, and mannitol to exert 
less influence on the solubility of potassium sulphate than eitha| 
glycerol or sucrose. As will be seen from the results here given,^ 
the reverse is the case, both alcohol and chloral hydrate being 
much more marked in their action than glycerol or sucrose, whether 
the curves are drawn up on the percentage basis as in the figure, 
or on the basis of a fixed 1000 molecules of water. It may he 
argued that the results are in part explicable on the assumption 
that unless ions are hydrated they cannot exist in aqueous solutions, 
and ^consequently that the potassium sulphate will not dissolve if 
i&e ions derived from it are subjected to conditions which tend 
£fco dehydrate them. The presence in solution of hydrated non- 
electrolytes might be supposed to act in the direction of preventing 
;$he ions from obtaining the requisite quantity of water. In such 
circumstances the ions could only obtain sufficient water at the 
expense of the hydrate of the non-electrolyte, and the final result 
would depend on whether ion or non-electrolyte was most effective 
in obtaining water (see Lowry, Trans. Faraday Soc., 1905, 1, 197), 
It would also follow that with the increasing concentration of the 
non-electrolyte the proportion of hydrated non-electrolyte formed 
would increase, with a corresponding decrease in the hydrated ions. 
Such an explanation is, however, merely surmise, and does not 
altogether apply to the strongest non-electrolyte solutions where 
the water is insufficient to form any hydrate. 


Experimental. 

The solutions used were made up by weighing both the substance 
and the water in which it was dissolved. Saturation was obtained 
by. cooling the saturated solution in contact with solid from i 
somewhat higher temperature to 25° in a thermostat, and by 
shaking at 25°. The aifiount of potassium sulphate was determined 
by direct weighing of the salt after evaporation and ignition, or 
by estimating the amount of sulphate by means of barium chloride. 

The percentage composition of the solutions and the number 
molecitfes of solutes per 1000 molecules of water from which W 
curves arc drawn are as follows: 
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per 

1000 molecules of water. 



Potassium 


i 

Potassium 

Alcohol 

sulphate. 

Water. 

Alcohol. 

Bulphate. 

1-35 

9*17 

89*48 

5-9 

10-6 

4*80 

6*90 

88*30 

21-3 

8-1 

7-80 

4*96 

87*24 

35-0 

5-9 

9 *70 

4*32 

85*98 

44-2 

5*2 

12 34 

8*57 

84*09 

57*4 

4-4 

14*51 - 

2*71 

82*78 

68*6 

3*4 

15*26 

2*66 

82*08 

72*7 

3*3 

20*50 

1*83 

77-67 

103*2 

2*4 

26*91 

0 97 

72-12 

146-1 

1*4 

35 97 

0 41 

68*62 

— 

— 

43*00 

0*22 

56*88 

— 

— 

69*26 

0*016 

30-72 

— 

. — 


Aqueous Pyridine — Potassium Sulphate, 


Molecules per ■ 
1000 molecules of water. 


Pyridine. 

Potassium 

sulphate. 

Water. 

Pyridine. 

Potassium 

sulphate. 

4*23 

7*95 

87*82 

11*0 

9*4 

13*90 

4*77 

81-33 

38*9 

61 

24-51 

275 

72*74 

76*8 

3-9 

34*19 

1-47 

64-34 

121*1 

2*4 

46*29 

0 46 

53*26 

198*0 

0-9 

55*93 

0*12 

43*95 

— 

— 

75-90 

0*006 

24*09 

— 

— 


Aqueous Ethylene Glycol — Potassium Sulphate. 


Molecules per 
1000 molecules of water. 


Ethyleue 

glycol. 

Potassium 

sulphate. 

Water. 

Ethyleue 

glycol. 

Potassium 

sulphate. 

3-16 

9*67 

87*17 

10*5 

11*5 

' 9*78 

7*69 

82*53 

34*4 

9*6 

18*47 

5*74 

75*79 

70*8 

7*8 

32*11 

3-57 

64*32 

145*0 

5*7 

49 03 

1*83 

49*14 

289 7 

3-8 
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Aqueous Chloral Hydrate — Po tassium Sulphate. 


Molecules per 
1000 molecules of -water 


Chloral 

hydrate. 

Potassium 

sulphate. 

Water. 

Chloral 

hydrate. 

^ Potassium' 
sulphate. 

6-44 

9-13 

84*43 

8*3 

11-2 

9-09 

8*41 

82*50 

12*0 

10-5 - 

12' ‘38 

7 ‘79 

79-83 

16 9 

101 

13 ‘20 

7-31 

79-49 

181 

9-5 

22 07 

5 ‘88 

72-05 

33*4 

8-4 

3315 

4-54 

62-31 

58-0 

7-5 

44 ‘40 

3 ‘36 

52-24 

92-6 

6-6 

47*30 

2 92 

49*78 

103*5 

61 

62-82 

2 00 

3518 

194*5 

5-9 

70‘28 

1*75 

27‘97 

273-8 

6*5 

80-36 

1*40 

18*24 

— 


85-26 

1‘08 

13-66 

— 

— 


Glycerol. 

.4 queous Glycerol — Potassium 

Potassium 

sulphate. Water. 

Sulphate. 

Molecules per 

1000 molecules of water, 

Potassium 
Glycerol. sulphate. 

8-96 

8*87 

8217 

21*3 

11-2 

13-38 

7*69 

78-95 

331 

101 

20 34 

6*47 

7319 

54-4 

91 

2415 

5*83 

70 02 

67-5 

8-6 

33-73 

4*44 

61-83 

106-8 

7-4 

40-40 

3*65 

55-95 

1414 

67 

43-52 

3-38 

53-10 

160*4 

6'6 

5018 

2-69 

47-13 

208-4 

5-9 

57-22 

2*07 

40*71 

2751 

5-3 

87’94 

1*53 

30-53 

— 

— 

7818 

0-98 

20-84 

— 

— 

98*28 

0-73 

0*99 

— 

— 



Aqueous Mannitol — Potassium Sulphate. 


Mannitol. 

Potassium 

sulphate. 

Water. 

Molecules per 

1000 molecules of water. 

Potassium 
Manuitol. sulphate. 

3 20 

10 32 

86-48 

3-7 

12-3 

5“82 

10-07 

8411 

6*8 

12-3 

8-35 

9 61 

82-04 

101 

12-1 

11*26 

919 

79-55 

14-0 

11-9 

14*30 

8-66 

77-04 

18*4 

11‘6 

17 22 

8-35 

74-43 

22*9 

11-6 
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Molecules per 
1000 molecules of water. 


Sucrose. 

Potassium 

‘sulphate. 

Water. 

Sucrose. 

Potassium 
f sulphate. 

9 56 

9*65 

80-79 

6*2 

12-3 

18-55 

8-65 

72-80 

13*4 

12-3 

28*16 

7-42 

64*42 

23 0 

11*9 

37 24 

6*35 

56*41 

34*8 

11*6 

47*55 

5*21 

47*24 

52*9 

11*4 

57*00 

4-24 

38*76 

77*5 

11*3 


Aqueous Acetone — Potassium Sulphate. 

Molecules per 
1000 molecules of water. 


Acetone. 

Potassium 

sulphate. 

Water. 

Acetone. 

Potassium 

sulphate. 

4*92 

7*20 

87*88 

17*4 

8-5 

1006 

5-02 

84 92 

36-7 

6*1 

16-23 

2-96 

80-81 

62-3 

3*8 

24*31 

1-50 

7419 

101-7 

2*1 

37 19 

0-47 

62 84 

185-2 

0*8 

46-29 

0*20 

53 51 

268*5 

0*4 

62*40 

0*03 

37 57 

— 

— 


Certain of the curves (p. 384) require some consideration. Pyri- 
dine dissolved in water affords some evidence of the formation of a 
hydroxide from the fact that it precipitates ferric hydroxide from 
aqueous solutions of iron salts. When drawn up on the basis of 
a fixed amount of water, this curve cuts the alcohol curve. It 
was observed that above the temperature of 45° two liquid phases 
formed at all concentrations above 5 per cent, and below 46 per 
cent, approximately. The position of the chloral hydrate curve 
close to the glycerol curve appears to us to demonstrate that the 
cause of the depression of solubility is similar in both cases, which 
does not support the deductions of Jones and Getman (loc. cit.) as 
to the remarkable difference in hydration of these two substances. 
It will be seen that if the chloral hydrate curve is expressed mole- 
cularly with reference to 1000 molecules of water, the end of the 
curve begins to rise slightly, suggesting that potassium sulphate 
ia soluble in absolute chloral hydrate. An actual determination 
with liquefied chloral hydrate at 45° gave the solubility as 0*38 
per cent, of potassium sulphate. 

Glycerol of 99*0 per cent, strength dissolved 0*73 per cent, of 
potassium, sulphate, an amount which is much greater than would 
he dissolved by the water present. It must be concluded that 
glycerol also dissolves potassium sulphate. 




directly aa the amount ^ tEt tfc 

decrease, if dne at all to hydration of the solute, requires the 
same degree of hydration at all concentrations. This is inadmissible 
on the usual assumption that the degree of hydration depends upon 
the amount of water. The mannitol curve could not he carried; 
further than the point shown, which is very close to the saturati^p 
point of mannitol. * 1; 

The solubility in aqueous acetone of varying concentrations 
expressed per 1000 molecules of water gave a curve which followed 



1 Alcohol 2. Pyridine. 3. Ethylene glycol. 4. Glycerol 
5. Chloral hydrate. 6. Mannitol. 7. Sucrose. 


fthe alcohol curve closely, hut fell somewhat below it Acetone was 
therefore found to possess the greatest precipitating effect of the 
non-electrolytes examined. 

Both pyridine and absolute alcohol dissolve minute quantities 
of potassium sulphate, but the amount was too small for accurate 
estimation. Schifi (Annalen, 1861, 118, 362) determined the solu- 
bility of potassium sulphate in aqueous alcohol at 15°, and gave 
four points only. This curve, as far as it goes, runs parallel with 
and a little below the one given here. 

It is of interest to compare the curve for solubility in potassium 
acetate solutions with the foregoing curves. The position 0CC1, P| _ 
is well below the alcohol curve, a result which may be accounted 
for if to the main action of non-ionised potassium acetate & 
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^assumption appears to receive some support; but it cannot 
^considered quite satisfactory as an explanation, if it is borne 
^5 Blind that the decrease is continuous even in the strong solutions 
hjftere there is not sufficient water to form hydrates. Dilute aolu- 
tidns are, however, the limiting cases, and here again we find, as 
'usual, that the rules deduced from the dilute do not apply to con- 
centrated solutions. It is hoped that the results of an investigation 
now proceeding as to the influence of one non-electrolyte on the 
solubility of another may throw some light on the possibility of < 
the hydration of ions being a contributory cause of the depression 
of the solubility of salts by non-electrolytes. 

East London College, 

University of London, 


pAlt—The Action of Calcium and Lithium on Organic 
S Halides. 

By JaMes Frederick Spencer and Gwynnedd Mary Price. 

In a previous paper (Spencer and Wallace, Trans., 1908, 93, 1827) 
mention was made of a preliminary experiment in which lithium 
reacted with a-bromonaphthalene with the formation of naph- 
thalene. The present communication describes a series of exp'eri- 
raents in which the action of calcium and lithium on organic 
ialogen derivatives has been studied. Lithium reacts with a large 
lumber of organic halogen derivatives when the two substances 
«e heated together. In many cases this reaction takes place at 
h boiling point of the organic compound, but with some sub- 
stances, notably methyl iodide and bromobenzene, higher tem- 
peratures are required, which necessitate the use of sealed tubes. 
With isopropyl iodide and methyl pbromobenzoate, no reaction 
wk place. 

The reaction may be regarded as proceeding in the two directions 
Seated by the equations : 

1. RX + 2Li = RLi + LiX. 

2. 2RX+2Li=R-R + 2LiX. 

The products obtained in some cases showed that the reactipn 
,a d proceeded according to equation 1, for example, those obtained 


| the rate of 
Hecrease is for most of the curves greatest. with the dilute solutions, 
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from p-bromotoluene, p-broiao. 

acetanilide) whilst in other c&se* %at the 

reaction had taken place in both directions. None of the reactions 
investigated proceeded aHhg the direction indicated by the second 
equation alone. In all cases white, deliquescent compounds -were 
formed, which reacted with water with the evolution of heat and 
the formation of the parent substance of the halogen derivative 
employed. The reaction with water can he represented by the 
equation : 

LiR + H.O=LiOH+RH. 

The white, deliquescent compounds obtained, on the basis of the 
above equations, consist of mixtures of lithium halide and the 
^ lithium derivative of the hydrocarbon. It has been found prac- 
tically impossible to separate these two substances owing to the 
ease with which the lithio hydrocarbon is decomposed by solvents 
and the atmospheric moisture, but an analysis was made of the 
whole solid product in the case of the reaction between propyl 
iodide and lithium, and the results point to the presence of lithio- 
propane. 

The yield of the product in these reactions varies considerably, 
from about 80 per cent, of the theoretical in the case of ww&loro- 
aniline to about 8 per cent, in the case of octyl iodide, but generally 
they are good. 

The reaction products, in all experiments where aniline 
derivatives were employed, had a strong odour of carhylamine, 
but this substance was not present in quantity large enough to be 
isolated. The reaction products in the case of p-bromo acetanilide 
contained much aniline, which is attributed to the hydrolysis of the 
original product, acetanilide, by the lithium hydroxide during tie 
steam distillation. 

The reaction between iodobenzene and lithium was also tried in 
absolute ether solution under the usual Grignard conditions. No 
compound other than diphenyl and lithium iodide could he isolated 
from the reaction products, so that it may ho taken that lithium 
and halogen derivatives in ether solution react according to tie 
Wuftz reaction and not according to the Grignard reaction. 

Calcium did not react very readily with organic halides, and a 
those cases where reaction did occur, the products rarely exceeded 
40 per cent, of the theoretical amount. The reaction may he 
regarded as taking place along two lines, analogous to those of the 
corresponding reactions with lithium and magnesium (Trans., lW 
93 , 69) : 

1. C& + RX = R*CaX. 

2. Ca + 2RX=CaX 2 -!-R*R. 



CAI.CICM AND LITHIO, 
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R •was, given on 

.-..th©' organic 

haii^e, ^!^ neees^ry to employ higher Jtemperatures and pressure 
, cause the action to proceed to any large extent, and in all such 
a considerable quantity of gas was evolved on opening the 
Ld tubes. The gases evolved consisted of hydrogen and both 
Iratod and unsaturated open-chain hydrocarbons* The solid 
products were generally white, crystalline, deliquescent substances 
of the formula RCaX, which were coloured brown by the products 
of the pyrogenic decomposition of the organic halide. 

The products from the reactions with aniline derivatives always 
had a strong odour of carbylamine, but this substance was not 
present in sufficient quantity to be isolated. The intermediate 
compounds of the formula RCaX were extremely difficult to isolate/ 
hut in the case of p-ehlorophenol it was found possible to isolate 
and analyse the derivative, which agreed well with the formula 
0 H'C 6 H 4 ‘CaCl. ’ 

E. Beckmann (Ber>, 1905, 38 , 905) states that ethyl iodide and 
calcium react very readily in ethereal solution, with the formation 
of the compound CgH/Cal-O^Hg^, the whole reaction being 
complete in a few minutes. We have repeated this reaction and 
also the reaction with iodobenzene under similar conditions, and 
have obtained in both cases products of the type R*CaI*0(C 2 H 5 ) 2 , 
but the reaction took place very slowly, requiring about twenty 
hours for completion. The addition of a trace of iodine accelerated 
it somewhat, but even then it was much slower than indicated by 
Beckmann. 

Metallic calcium, even in inorganic reactions, is difficult to 
manipulate owing to the insolubility of its derivatives, which 
generally coat the metal, and thereby stop or greatly impede the 
reaction. This probably, in addition to a possible superficial coating 
of oxide on the metal employed, may be the reason for the difficulty 
eiperienced in these experiments, and may also explain the poor 
yields obtained. 

Experimental. 


In the experiments with lithium, the metal was cut into small 
pieces under ether, then quickly dried with filter paper, and added 
to the organic halide. Equimolecular quantities of the metal and 
halide were used in all cases. The reactions with all the substances 
tried, except broinobenzene and methyl iodide, took place when 
heated in a quartz flask, fitted with a condenser, at the boiling 
point of the halide for periods varying from three to twenty hours. 

The reaction products were in all cases white, crystalline, 
deliquescent solids, which decomposed on the addition of water 
VOL. XCVII. D D 
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with the evolution of heat. The products, alter treatment wi^ 
water, were distilled in a current ef ateam, and the. distil&te ^ 
the residue in the distilling flask investigated. ' ^The results, together 
with the yields of the products, are given in the table below. The 
reaction between lithium and iodobenzene was also carried out ijj 
ethereal solution, and the sole product formed was diphenyl in Sma jj 
quantity. 

The reactions between lithium and bromobenzene and methyl 
iodide only took place when heated in sealed tubes for about sir 
hours at 250°. The tubes were then cooled in liquid air and 
opened, and the gases evolved on warming collected and analysed 
The residue was then treated with water, and in the case of methyl 
iodide further quantities of gas were evolved with the evolution 
of heat. In the case of bromobenzene, benzene was formed, and 
this was distilled over in steam : 

Reacting substance. Experimental conditions. Products. 


Iodobenzene Heated 1 hour at 188° 70 per cent, benzene & diphenjl 

Bromobenzene Heated in sealed tube Benzene and diphenyl 

at 150° for 8$ hours 

p-Bromotoluene Heated 1J hours at 24 per cent, toluene 

184* 

p-Chlorotoluene Heated 4^ hours at 7 per cent, toluene ; p-ditolyl 

160° 

m-Chloroaniline Heated J hour at 230° 80 percent aniline; m-diamino- 

diphenyl, traces of carbjl- 
aminc 

p-Chloroamlme Heated 14 hours at 68 per cent, aniline, traces of 

230° carbylamine 

p-Bromoacetanilide Heated 2 hours at 210° 40 per cent, aniline, 12 per 

cent, acetanilide 

p-Chlorophenol Heated sever al minutes 14 per cent, phenol 

at 217 V 

o-Chloronaplithalene ... Heated 174 hours at Naphthalene ; a-dinaphthyl 

263° 

Methyl iodide Heated in a sealed tube 27 per cent, ethane, 33 per cert. 

for 44 hours at 2O0 u methane mixed with 40 per 
cent, hydrogen 

n-Propyl iodide Heated 14 hours at w-hexane ; n-propane 

46-5° 

sec . -Octyl iodide Heated 20 hours at 9 per cent, octane;. 17 per 

220 u cent, hexadecane, m. p. 20* 


The calcium used in these experiments was the rasped variety 
supplied by Kahlbaum ; it was quite bright and metallic-looking in 
appearance, but occasionally had a slightly bluish tinge, which 
may have been due to a superficial coating of oxide. The reactions 
were first tried at the boiling point of the organic substance used, 
and as in no case did the reaction proceed to a marked extent, they 
were then carried out in sealed tubes at temperatures varying 
from 160° to 250°. The substances were mixed in equimolecular 
quantities. After cooling, the tubes were immersed in liquid air 
and opened. No gas was evolved on opening, but on warming to 
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atmospheric temperature, gas was evolved, which consisted 
mainly of hydrogen with small quantities of methane, acetylene, 
carbon dioxide. This indicates that calcium, like magnesium 
(Trans.* 1908, 93, 1823), has the property of absorbing large, 
quantities of hydrogen at low temperatures. The solid products 
were then cautiously treated with water, and any gas evolved was 
collected and analysed. The aqueous mass was then distilled in a 
current of steam, and the products, indicated in the table below, 
collected. The crystalline product of the reaction between g-chloro- 
phenol was pressed on a porous plate and then washed with small 
quantities of absolute ether to remove any unchanged chloro- 
phenol, dried, and analysed; 

Found, Ca = 23'l. 

OH*C 6 H 4 , CaCl requires Ca=23*7 per cent. 

The lower alkyl halides reacted with calcium when heated at 
250° in a sealed tube, but the products could not be obtained, owing 
to the bursting of the tubes. No matter what precautions were 
taken, the tubes always burst after they had been heated for about - 
one hour, indicating that a violent reaction had suddenly taken 
place. 

The following table gives a brief summary of the reactions carried 
out and their products; 


Reacting substance, 
lodobenzene 

p-Chloroaniline 

p-Chlorophenol 

p-Bromoacetanilide 


Experimental conditions. 
Heated in a sealed tube 
at 200° for 16 hours 
Heated in a sealed tube 
at 155° for 14 hours 
Heated in a sealed tube 
at 160° for 12£ hours 
Heated in a sealed tube 
at 200° for 15 hours 


Chemical Laboratory, 

Bedford College, W. 


Products. 

40 per cent, benzene ; 2 per 
cent, diphenyl 

31 '5 per cent, aniline 

36 per cent, phenol 

Small quantities of aniline and 
acetanilide, with a trace of 
carbylamine 


XLIV . — The Influence of Radium Emanation on 
Equilibrium in a Gaseous System, 

By Francis Lawry Usher. 

Sohe interesting deductions concerning the nature of chemical change 
induced by radium emanation have lately been recorded by Cameron 
and Ramsay (Trane., 1908, 93, 966) as the result of quantitative 
experiments on the decomposition of water, ammonia, hydrogen 

D D 2 
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chloride, and d 

hydrogen and oxygen and nitrogfctf; acd '^y^^^, % presence of the 

emanation. ' . 

Tne principal conclusions drawn by these authors are (1) that the 
changes observed are due almost entirely to the a-parfcicles, and (2) 
that each particle of emanation in disintegrating produces, ceteris 
paribus, the same amount of change. The experiments described are 
regarded by the authors as preliminary, and the results have 
qualitative rather than quantitative significance. At the suggestion 
of Sir William Ramsay, the investigation to be described in this paper 
was undertaken with the object of obtaining a more definite knowledge 
of the mechanism of chemical change produced by the emanation, 


Fig. 1. 



based on an accurate study of the course of some simple reaction. For 
this purpose, five series of observations have been made, three with 
pure dry ammonia, and two with a mixture of hydrogen and nitrogen 
of the composition 3H 2 + N 2 ‘ 

Experimental, 

It will be convenient to describe in detail the method of procedure 
in the two cases. Fig. 1 represents the apparatus used for tie 
experiments with ammonia. In the nrst place the tap B was closed, 
and the whole apparatus exhausted by means of a small mercury 
pump. Ammonia, prepared from pure ammonium chloride and sodium 
hydroxide, was then introduced through B and condensed ^ 
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' f * i V # was a^ain closed, 


.mil 

and the app.rataQ,^m^ tnope exhausted in ' order to^move traces of 
air. The liquid air was removed fro$ 7), which now contained pure 
ammonia, and a convenient quantity of this (about 1 c.c.) was pumped 
ofl and collected over mercury in a carefully dried gas-tube. D was 
once more cooled with liquid air, so as to condense the ammonia 
remaining in the apparatus, the tap E was closed, and the system on 
the pump side of i? thoroughly exhausted. 

Radium emanation* accumulated during 
four or five days from a solution contain- 
ing 0*2111 gram of metallic radium, and 
mixed with about 0*5 c.c. of hydrogen, 
was now introduced through the capillary 
Bjphon E , and F was then surrounded 
. with liquid air. After about fifteen 
minutes, in which time all the emanation 
had condensed, the hydrogen was removed 
through the pump, and the required 
quantity of ammonia, prepared in the 
way described, was introduced through 
U and frozen in F on top of the condensed 
emanation. If the pump was worked at 
this stage, traces of gas continued to pass 
over indefinitely, and an analysis of the 
gas thus collected showed it to consist 
solely of hydrogen and nitrogen, so that 
it appears that solid ammonia is decom- 
posed by the emanation, even at - 190°. 

The drying tubes, C and K, contained 
iime freshly prepared from marble. The 
mixture of ammonia and emanation was 
next introduced into the apparatus shown 
in Fig. 2. This consisted essentially of 
a short length (about 5 cm.) of glass 
tubing of 1 cm. bore, containing an opaque 
glass point sealed in so as to form a 
constant-volume gas chamber, B , the 
volume contained between a mercury surface set to the point and 
. ma , r ’ a ' 0n ca p*Nary stem being previously accurately detei- 
me by calibration with mercury. The constant-volume chamber 
ma "j above m a capillary syphon, S, and at its lower end 
Wl,,* 1 ” *? a P ' eW of narro ' vor glass tubing about 80 cms. long, 
mg a stopcock, T, the only one used In the apparatus, which 
Permanently below the mercury surface and never came into 
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contact with the gas. A mercury r^sA^oir, the same 

diameter as tKeljiamber B, was connected With the apparatus by 
a length of rubber pressure tubing. The greatest care was taken to 
dry the inner glass surface thoroughly, and for this pur^se, befo* 
the stop-cock was greased, the entire apparatus was placed in a large 
air-oven and kept at a high temperature for several hours while a 
current of dried air was passed through it. In order to introduce the 
gas, the apparatus was filled with pure dry mercury, and the tube 
containing the gas was brought over the end of the syphon, S, in 
a mercury trough. By lowering the reservoir, R t the gas wag 
admitted, and the end of the mercury thread which followed it was set 
to the mark a on the capillary tubing. The thread was then frojen 
in the horizontal portion of the capillary at b by means of a paper-cup 
containing solid carbon dioxide, and the tip of the syphon was then 
sealed with a small blowpipe flame. Finally, the apparatus was fixed 
upv against a glass scale ruled in millimetres, and frequent readings 
were taken of the pressure exerted by the gas when the mercury 
surface was set exactly to the point. During the interval between 
each successive reading, the tap T was closed, so that the reaction 
proceeded at constant volume. It happened, on a few occasions, that 
after the capillary tip had been sealed and the mercury thread 
had thawed, the latter was no longer set exactly to the mark a, and 
in such cases the distance between the two , was measured and a 
correction on the volume was made, as the capillary had previously 
been calibrated by weighing out mercury. In making a reading the 
temperature of the gas and of the mercury column was carefully noted, 
and the barometric height was read at the same time. 

The above description refers to the experiments with ammonia, but 
those with nitrogen and hydrogen were carried out in exactly the 
same manner. The gases were obtained by sparking pure ammonia 
over mercury in a glass tube. The undecomposed ammonia was 
removed with a few drops of phosphoric acid, the residual mixture 
of nitrogen and hydrogen was carefully dried, and a convenient 
quantity was collected in a tube in the same way as the ammonia, the 
calcium oxide, however, being replaced by phosphoric oxide. The 
subsequent procedure differed slightly from that employed in the 
experiments with ammonia. The apparatus shown in Fig. 1 was 
modified to some extent, but it will suffice here to say that, after 
thorough exhaustion of the apparatus through the mercury pump, the 
previously dried emanation, accompanied [hy its excess hydrogen, was 
taken in through a capillary syphon, the emanation was frozen with 
liquid air, and the hydrogen removed through the pump. Finally, the 
liquid Jair was removed, and the sample of nitrogen and hydrog 6 
collected for the experiment was admitted and allowed to mix wit 
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the einanatri 


a of the reaction vessels already described. 


hjBn pumped and 


transferred to 


It will be obvious that throughout the whole of ttie operations just 
described there is no possibility of serious contamination. It iB true 
that during the process of purification, gaseous emanation was brought 
in to contact with the stop-cocks ff f G, and E (Fig. 1), but the total 
time of contact between tap grease and emanation was certainly less 
than thirty minutes, and it was proved by a blank experiment with 
emanation and some of the same rubber tap grease that if oxygen is 
excluded, the only gaseous product of the action is pure hydrogen, 
the amount of which produced in half an hour would be 'quite 


Each experiment was allowed to proceed for at least four weeks, at 
the end of which period the amount of emanation atilt present was 
insignificant. During the first two days, readings were taken every 
few hours, and afterwards at the rate of about one every twenty-four 
hours. 


At the conclusion of each experiment, the gas was removed from 
the reaction vessel and analysed, the ammonia, nitrogen and hydrogen, 
wid gases absorbable by potassium hydroxide being determined. 
Reference will be made to those analyses in the discussion of the 
results. 


Experiment I— Volume of reaction chamber: 2*1187 c.c. Initial 
rolume of ammonia at 0° and 760 mm. =0*4514 c.c. About half the 
piautifcy of emanation taken for this experiment was accidentally 
ost, so that the proportion of ammonia to emanation is not known : 


fimc in days. 

Corrected 
vol. of gas. 

o-o 

0*4514 

0-56 

0*4801 

077 

0*4920 

1*56 

0 -5183 

1'83 

0-5235 

2-58 

0*5436 

4-54 

0-5765 

5-54 

0-5838 

7-56 

0*5956 

9-67 

0-6020 

12-58 

0-6048 

40-00 

0-627 


Volume 

increment. 

i/dog. yjv t . 

0 0 



0029 

0-0516 

0-041 

0*0538 

0-067 

0-0448 

0-072 

0-0413 

0-092 

0-0384 

0-125 

0-0301 

0-132 

0-0272 

0-144 

0-0221 

QT51 

0-0183 

0-153 

0-0143 

0-176 

0*0054 




0W1 
0-0620 
0-0594 
0-0571 
0-0615 
0 0707 
0-074 
0 086 
0-103 
0 137 
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Esepmm^ jfip^Voiui|e of I n itj a ] 

volume of ammonia at 0° and 760 mm. = 1*843 c.c. Initial pre&$ ure „ 
474 mm. : 


Time in days. 

Corrected 
vol. of gas, 

Volume 

increment 

1/41 

V**Hrjr h 

o-o 

1*843 

0*0 

— ' 

0*042 

1*854 

0*011 

0*0619 

0*0623 

0*083 

1*871 

0*028 

0-0801 

0*0812 

0*104 

1*874 

0*031 

0*0708 

0*0720 

0*185 

1*881 

0*033 

0*0670 

0*0685 

0*191 

1*891 

0*048 

0*0601 

0*0621 

6*865 

2*068 

0*225 

0*0654 

0-0764 

1*031 

2*104 

0*261 

0*0643 

0*0777 

1T98 

2*145 

0*302 

0*0649 

0-0808 

1*854 

2*262 

0*419 

0-0605 

0*084 

2*042 

2*302 

0*459 

1 0*0610 

0*088 

2*185 

2 323 

0*480 

0*0600 

0*089 

2*840 

2*416 

0*573 

0*0570 

0*095 

3*230 

2*455 

0*612 

0*0543 

0*097 

3*840 

2*512 

0*669 

0-0510 

0*102 

3*958 

2*523 

0*680 

0*0505 

. 0*103 

5*840 

2*652 

0*809 

0*0430 

0*123 

6*896 

2*703 

0 860 

0*0396 

0*136 

7*840 

2*724 

0*881 

0*0360 

0*147 

8 840 

2*757 

0*914 

0*0337 

0*165 

9*840 

2*775 

0-932 

0-0811 

0*183 

12*886 

2*804 

0*961 

0*0243 

0*253 

36*000 

2*871 

1*028 

0*0098 

_ 


Experiment III. — Volume of reaction chamber ; 2*406 c.c. Initial 

volume of ammonia at 0° 

and 760 mm. 

= 0*909 c.c. 

Initial pressure 

= 306 mm. : 

Corrected 

Volume 



Time in days. 

vol. of gas. 

increment. 

l/rtog. V 0 j V t . 

l/E t t\og.VJV t . 

0*0 

0*909 

0*0 

— 

— 

0*031 

0*914 

0*005 

0*0772 

0*0776 

0*073 

0*923 

0*014 

0*0923 

0*0934 

0*76 

1*037 

0*128 

0-0868 

o-iooo 

1*08 

1*083 

0T74 

0*0855 

0-103 

1*75 

1*154 

0*245 

0*0779 

0*108 

2*08 

1*188 

0*279 

0*0766 

0*110 

2*78 

1*237 

0*328 

0*0700 

0116 

3*75 

1*291 

0*382 

0*0632 

0*124 

4*75 

1*325 

0*416 

0*0559 

0*132 

6*75 

1*377 

0*468 

0*0466 

0156 

7*76 

1*387 

0*478 

0-0418 

0*168 

8*75 

1*397 

0*488 

0*0382 

0*184 

9*75 

1*401 

0-492 

0*0347 

0-202 

10*76 

1*408 

0*499 

0 0321 

0*221 

11*76 

1*419 

0*510 

0 0304 

0-253 

13*77 

1*419 

0*510 

0*0260 

0-310 

14*76 

[1*440] 

[0*531] 

[0*0258] 

[0-359] 

15*76 

1*419 

0*510 

0-0227 

0-392 

32*00 

1*433 

0*524 

0-0117 

— 
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gxperim^^^^m w »uu «y a rogen jgw mtm tube as in Exp. I. 
Initial volume otfm&S8(i gases at 0° and 760 mm. « H02 c.e. Initial 

s VlK ; 


j =* 615 mm. 



Time in days. 

Corrected vol. of gases. 

Volume increment 

o% 

0135 

1*602 

1*585 

0*0 

-0*017 

0*698 

1*540 

-0*062 

2-698 

1*462 

-0-140 

2-990 

1*460 

-0*142 

3*678 

1*442 

-0*180 

4*010 

1*441 

-0*161 

4-698 

1*425 

-0*177 

11*80 

1*403 

-0*199 

31*89 

1*362 

-0*240 


Experiment V.— Nitrogen and hydrogen. Same tube as in Expfc. II. 
Initial volume of mixed gases at 0° and 760 mm. = 2*323 c.c. Initial 
pressure =594 mm. : 


Time in days. 
0*0 
0*7 
1*7 
2*7 
4*7 
5*7 
6-7 
30*0 


Corrected vol. 
2*323 
2*273 
2*247 
2*230 
2*241 
2*228 
2*225 
2*181 


of gases. 


Volume increment. 
0*0 

-0*050 

- 0*076 

-0*093 

-0*082 

-0*095 

-0*098 

-0*142 


The analysis of the gases at the conclusion of each experiment was 
carried out by meams of a small glass burette, provided with a stop- 
cock and capillary syphon, and containing six opaque glass points. 
The volume between a mercury surface set to each of these points 
and a mark on the capillary stem was accurately determined by 
calibration with mercury, and measurements were made by observing 
against a glass scale, the difference between the level of the mercury 
in a reservoir connected with the burette and that of the mercury set 
exactly to one or other of the points. The measurements are in all 
cases correct to within 0*002 c.c. The gas was always measured dry, 
and was, if necessary, for example, after explosion or treatment with 
a wet reagent, pumped through a small tube of phosphoric oxide. 
Ammonia was determined by absorption with a few drops of phos^ 
Phone acid, hydrogen by explosion with a measured excess of oxygen, 
and carbon dioxide by absorption with a lump of fused and moistened 
potassium hydroxide.* The residual gas, after removal of excess 
oxygen by phosphorus, was measured and considered to be nitrogen. 

e treatment of the gases with liquid and solid reagents took place 
in small gas tubes, the gas being completely freed from the reagent 

Any other acid gases, oxides of nitrogen, etc., arc consequently called "CO.,” 
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and dried before introduction tinto tfr; >‘burette. Th 8 

following table gives the results of the analyses of the gases at the 
termination of the experiments : 



I. 

II. 

III. 

IV. 

V. 


C.C. 

c.c. 

C.C. 

c.c. 

c.c. 

NH 3 

0-173 

078 

0-312 

0*006 

0 010 

H s 

0-327 

1‘56 

0*814 

0-980 

1*321 

n 3 

0T21 

0'56 

0*298 

0-356 

0-669 

C0 2 

0-002 

0014 

o-ooo 

0-019 

0*185 

CO 

0-004 

0-004 

0-009 

0*001 

0-003 


Discussion of Results. 

It is interesting to compare these results with the figures given by 
Cameron and Ramsay, and for this purpose it is convenient to 

y _ y 

calculate the values of the expression: $ = 100 - ~ — — * and the 

~ - 

corresponding logarithms, as' is done by these authors. These values 
are given in the following table for Expts. I and III ; the reasons 
for omitting Expts. II, IY, and V will be given presently. 


Experiment I. 


Time in days. 

Fco - V t . 

0 

II 

o 

.V 

1 1 

Lo g.0. 

Log. <?/100/*= -k. 

0*00 

0-176 

100*0 

2*000 

_ 

0*56 

0T47 

83*6 

1*922 

1-392 

0*77 

0*135 

76-8 

1-885 

1-494 

1-56 

0*109 

62*0 

1*792 

1*334 

1*83 

0*104 

59*1 

1*772, 

1*245 

2*58 

0-084 

47*7 

1*679 

1*243 

4-54 

0-051 

29*0 

1*462 

ri85 

5*54 

0 044 

25*0 

1*398 

, 1-086 

7*56 

0-032 

18*2 

1-260 

0-079 

9-67 

0 025 

14*2 

1*152 

J-877 

12*58 

0-023 

13*1 

1*117 

it 702 



Experiment III. 



Time in days. 

- r t . 

V - V, 

Log. 0. 

Log. 0/100/*= 

0*00 

0-524 

100*0 

2*000 

— 

0*76 

0*396 

75-6 

1-878 

0-161 

1-08 

0-350 

66*8 

1*825 

0T62 

1*75 

0*279 

53-3 

1*727 

0-156 

2-08 

0-245 

46-8 

1*670 

0-159 

278 

0*196 

37-4 

1-573 

0-154 

3*75 

0T42 

271 

1-433 

0-151 

4-75 

0108 

20-6 

1*314 

0*144 

6-75 

0*056 

10*7 

1*029 

0144 

7*76 

0-046 

8-8 

0*944 

0*136 

8*75 

0-036 

6-9 

0-839 

0-133 

9*75 

0-032 

6-1 

0-785 

0*125 

10*76 

0-025 

4-8 

0-681 

0*123 

11-76 

0-014 

2-7 

0-431 

0133 , 

13-77 

0-014 

2*7 

0*431 

0-1H 
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EQUILIBRIUM IN A GASEOUS SYSTEM. 

The figures in' the last column of the preceding tables represent the 

y —V ‘ ' ** ’ ' 

constant . in the equation * — --=«“**, 0P} rather, the constant 

r qo " 'o 

^culated with common instead of Napierian logarithms. It will be 
enticed that the value of -k diminishes fairly regularly with time, 
aU d that the underlying assumption, which would require it to remain 
really constant, does not, therefore, strictly represent the facts. 

The time of half action is in Expt. I, 2 ‘4 days, and in Expt. Ill, 
P9 days, both considerably less than the half-life period of the 
emanation, which is 3 86 days (Sackur). It seems, therefore, that 
the simple hypothesis that, each atom of emanation in decaying pro- 
duces the same amount of change, that, in fact, the effect is at any 
time proportional to the amount of emanation present, although it 
may be true under certain conditions, requires some modification 
to make it agree with the experiments here recorded. 

Let us assume that the velocity of reaction at any time, t, is 
proportional, both to the amount of emanation and of ammonia 
dv 

present at that time. Then ^kE t k'Vt=KEtV t . Now, during a 


very small space of time, E t is constant, so that the above expression 
can be integrated by keeping KEt as the constant, and the resulting 
expression can be subsequently corrected for the variation of E t . We 

get then : ~log^~ KE t . 

For the sake of comparison, we may consider that the velocity of 
decomposition depends only on the amount of ammonia present, and 
is not influenced by the decay of the emanation. We should then 
1 , V a 


find that - W— was constant. 

t *r t 


The reaction has been treated as an 


irreversible- unimolecular one, since it is obvious from the analysis of 
the gases at the end of Expts. IV and Y that recombination takes 
place to an almost inappreciable extent. Whereas in Expt. Ill, 65 ’7 
per cent, of the ammonia put in was decomposed, in Expt. 1Y, 
starting with nitrogen and hydrogen, only 0'75 per cent, of the 
mixture was recombined. 


The values of - log ^ and of — - . log have already been tabulated 

t Vt E t t Vf 

for Expts. I to III on pp. 393, 394, and it is interesting to note that 
^ while the constant becomes smaller with time when no correction for 
the decay of the emanation is applied, it becomes larger when the 
correction is introduced. Obviously, it is unreasonable to omit the 
correction for decay of the emanation ; nevertheless, when the full 
correction is put in, the constant changes in the opposite direction, 
although at the same time a distinct improvement is noticeable. It 
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emanation, velour'" 

constant with time. Since an a-parfcicle is effective over a range of 
about 8 cm. in ammonia gas under the pressures employed in these 
experiments, a large proportion of its energy must be wasted when it 
is enclosed in a tube of 1 cm. bore, although this waste need not he 
proportionately greater at one time than another ; but one atom of 
emanation is capable, as will be shown later, of decomposing at least 
134,000 molecules of ammonia. It is, therefore, highly probable than 
when, as in Expt. Ill, the emanation is present in the proportion 
of 1 atom to 10,850 molecules of ammonia, the efficiency of an a-particlj 
will be greater, as its chance of colliding with a larger number of 
molecules increases; in other words, each a-particle will do nia re 
work when there is more work to do. 

It is possible to make an approximate correction by assuming that 
the efficiency is proportional to the ratio of the number of emanation 
- molecules to ammonia molecules at any time, although of course this 
cannot be expected to hold over an extended period. 

We may assume that - ~ = KE t V t ^u where /?* is the efficiency. 


V 1 V 

Then if $ x - J-, we get log = constant. This expression gives 

Et rtf Vt 

a much better value For K over a period of six or seven days, starting 
at one day from the commencement of the experiment, but it after- 
wards becomes smaller again, a result which is to be expected for two 
reasons: first, because the assumed correction is the most drastic 
possible, and can only be strictly valid over a very short range; and 
secondly, because as the reaction proceeds, the energy of the emana- 
tion is more and more used up in useless work, namely, in imparting 
increased velocity to the accumulating products of decomposition. We 
can, therefore, make the further assumption [that the efficiency is 
proportional, not only to the ratio of the amounts of emanation and 
ammonia, but also to the actual quantity of ammonia present. In this case, 


1 


7 • lo g 1 


R t = — * .V tt and the velocity constant becomes K =- . 

E t « jE t Vt 

The constants calculated in the two ways suggested are tabulated 
on p. 399 for Expt. III. 

The correction appears to be rather too great in the first case, and. 
slightly too small in the second, but on the whole both sets of constants' 
are much better than when no correction for change in efficiency is 
introduced. It would doubtless be possible by suitably compromising 
between the two methods to obtain a still more constant value of K, 
t is it probably not worth while to attempt this, because there are 
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399 



gjjjfr 

—0*103 ^ 


'0*673 


0*098 

0*76 


4*m 

0T06 

1-08 


0116 

•0*109 

1*75 


0*117 

0*111 

2-08 


0*121 

0T16 

2*78 


0120 

0-118 

3*75 


0*120 

0-121 

4*75 


0T13 

0*121 

6*75 


0*106 

0T29 

7*76 


0*097 

0*127 

8*75 


0*091 * 

0*127 

9*75 


0083 

0T28 

10*76 


0*078 

0134 

11*76 


0*076 

0*138 


slight complications hhe experiments, and these will now be 

considered. 

It will have been noticed in Expt. IV that if the amount of 
nitrogen and hydrogen recombined is calculated from the observed 
change of pressure, there should be 0*240 c.c. of ammonia at the 
conclusion of the experiment. As a matter of fact, the analysis shows ' 
that only 0*006 e.c. was formed. The gases and the apparatus were 
both very carefully dried, there was no contamination by air, and no 
possibility of leakage during the course of the experiment ; the gas 
was under considerably reduced pressure the whole time. Clearly, 
then, nearly a quarter of a c.c. of gas had ceased to exert any 
pressure. We can make up a balance sheet with respect to the total 
quantity of hydrogen and nitrogen put in at the commencement, and 
found at the termination, of two typical experiments : Nos. Ill and 
IV, reckoning as hydrogen and nitrogen these gases in combination 
as well as free. This balance sheet gives the clue to the observed 
discrepancies. 

Hydrogen Nitrogen 

put in at put in at Hydrogen Nitrogen 

commencement, commencement, found at end. found at end. 


C.C. C.C. C.C. C.C. 

Expt. Ill 1*363 0*454 1 282 0*454 

» IV 1-201 0*400 0-989 0 359 


Hydrogen lost in Expt, III 0-081 c.c. 

Nitrogen „ „ HI 0*000 „ 

Hydrogen ,, ,, IV 0-212 „ 

Nitrogen „ „ IV 0*041 „ 


In Expt. Ill a small quantity of nitrogen was probably lost, for 
Hhe first reading was made as soon as possible after, but not at 
precisely the same moment as, the emanation was mixed with the 
ammonia. The initial volume therefore refers to a mixture of 
ammonia with a trace of its decomposition products, and not to pure 
aaimonia, as is assumed for the purpose of the above calculation. 
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In Expt. IY we find, as one would expect,thata larger proportion 
of hydrogen and nitrogen is missing, because tlie partial pressure 0 f 
thee e gases is considerably higher than in the preceding experiment 
in which no free hydrogen or nitrogen was introduced initially 
Now this missing gas can only have disappeared in three ways : m 
it may have reacted chemically with the glass of which the apparatus 
was made ; (2) it may have been driven into the walls of the y e86e | 
and remained there, or (3) it may have gone completely through the 
glass. The first possibility is very unlikely, because nitrogen 
lost as well as hydrogen, and the glass did not present the appearance 
of having been attacked ; only the usual brownish-violet coloration was 
observed. 

In order to settle this question definitely, it was decided to carry 
out a blank experiment with pure hydrogen and emanation, arranged 
so that any loss of gas could be observed and measured, and so as to 
detect any gas which might pass right through the glass. In the 
meantime, the three reaction chambers employed in the five 
experiments already described were coarsely powdered, placed in a 
piece of Jena glass tubing, first exhausted cold by a Topler pump, 
and finally heated to redness and again exhausted ; nearly 2 c.c. 
of gas were pumped out of the heated glass, and its composition was 
as follows. The measured total volume was 1*817 c.c. : 

C0 2 1*416 c.c. 

CO 0*240 „ 

H 2 0*096 „ 

N 2 0*066 „ 

Total ... 1*818 c.c. 

The experiment was rather unsatisfactory, as the powdered glass 
was not treated with chromic acid to remove traces of grease, 
dust, etc., before being heated ; nevertheless, nearly 0*1 c.c. of 
hydrogen was recovered, and a rather smaller quantity of nitrogen. 

The apparatus used for the blank experiment was made of glass of 
about the same thickness as that used in the previous experiment?, 
It is cfiagramatically sketched in Fig. 3. The constant volume 
chamber, (7, containing an opaque glass point, was itself sealed into 
a wider piece of glass tubing, A, which was drawn out at the top and 
connected, through a small phosphoric oxide tube, with a Topler 
pump, no taps being used. The space between the reaction chamber 
and this outer tube was at the commencement of the experiment very 
thoroughly evacuated, and the pump with which it waB connected was 
worked from time to time during the experiment in order to collect 
any gas which might be driven through from the reaction chamber, 
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equilibrium in a gaseous system. 


latter yrs* immediate# Wow the inserted join, to a piece 

f arrower glate cubing about 80 cm6. long, the lower end of which 
^connected throngh an air-catch with a length of rubber pressure 
Thing attached at its distal end to a mercury reservoir, ff. A small 
U illary syphon, S, was sealed on shortly below the inserted join, and 
^ used for taking in the hydrogen and emanation. Another piece 
of tubing was sealed on 

about 4 cms. below the Fig. 3. 


gyphon, and was con- 
nected through the tap T 
v itb a second Topler 
pump. 

Mercury was first 
poured into the reservoir, 
and the rubber tubing 
was clipped when the 
mercury stood a short 
distance below the T" 
piece carrying the tap T , 
The end of the capillary 
gyphon was sealed, and 
the apparatus was then 
,very thoroughly ex- 
hausted through T. The 
latter was then shut, and 
the reservoir was raised 
until the mercury stood 
in the tubing between 
the lower T-p^ ece an( * 
the capillary syphon. The 
end of the latter was then 
scratched with a glass 
knife, and the point was 



broken oif inside a small 

gas tube containing the emanation mixed with about half a c.c. of 
hydrogen, carefully purified and dried. The gas entered the apparatus, 
and the reservoir was again raised, until the hydrogen and emanation 
were forced up into the reaction chamber, and the mercury in the 
reservoir was level with the tip of the capillary syphon ; the latter was 
then sealed in a blow-pipe flame. The entire apparatus was fixed up in 
front of a glass scale, and frequent readings were taken of the pressure 
of the gas when the mercury was set to the point. The volume 
of the reaction chamber was subsequently determined by measuring 
the prissure of a quantity of dry air introduced into it, and afterwards 
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removed ob* re-measuredj^^ air** 

calibrate. y 

Throughout; this experiment no gas passed through the 
of the ruction chamber into the Burrounding vacuous spacp, wMct 
remained quite empty. The amount of hydrogen in the tube decree 
however, from 0*610 c.c, to 0*487 c.c, "The following table gives the 
readings : 


Time in days. 

Corrected 
vol. of hydrogen. 

Volume 

decrease. 

K^ljjE t .tlog.V 0 jy u 

r o-oo 

0*573 

— 



1T5 

0*530 

0*043 

0*0363 

1-81 

0*514 

0 059 

0*0355 

2*81 

0*507 

0*066 

0*0315 

3-81 

0*510 

0*063 

0*0261 

4*81 

0*505 

0*068 

0*0270 

6*81 

0*495 

0*078 

0*0313 

. 8*81 

0*494 

0*079 

0*0360 

15*81 

0*490 

0*083 

0 0711 

25*81 

0*489 

0*084 

0*267 


The results are not sufficiently regular to admit of their applica- 
tion as quantitative corrections to the experiments 'with ammonia and 
with nitrogen and hydrogen. It is even possible that after some time 
' the glass walls of the containing vessel become so pitted by the 
bombardment that the surface is appreciably altered, and, in any 
case, the problem is probably much more complicated than it at first 
appears. j 

At the conclusion of this last experiment, the reaction chamb^ 
was powdered, and the powder was carefully cleared with hot chromic 
acid, washed, dried, and put ,in a clean Jena-glass tube ad 
exhausted cold. It was then, exhausted at a red heat, and in 
this way 0*076 c.c. of gas was extracted. Its composition was: 

C0 2 0*014 c.c. 

H 2 0 061 „ 

Total 0*075 „ 

There can therefore be no doubt that hydrogen, and, to a smaller 
extent, nitrogen, is driven into the glass walls of its containing 
vessel when mixed with radium emanation. The greater part oi 
such gas can be recovered when the glass is strongly heated. 

In calculating the velocity constants and the values of the 
expression Q , it was stated on p. 396 that the reaeons for omit- 
ting Expts. II, IV, and V would be given later. IV and V were 
of course omitted because the observed pressure changes do cot 
really indicate recombination of nitrogen and hydrogen, as has just 
beejr shown. It will be seen on referring to the analysis of the 
gas from Expt. 11 that, although there is an apparent loss ol 
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SYSTEM. 

Jioatf .-of' Ibe 60 %^r^ktei 'but the samdh 
apparatus was used for each, and this curious result may be explained 
on the hypothesis that there were bubbles in the glass vessel at its 
junction with the capillary tubing at its upper end, and that the glass 
ffft9 go thin in the region of these bubbles as to become perforated by 
the a-particles, and so allowed a slow diffusion of air from without. 
Unfortunately, the discrepancy was not discovered until after the 
tubes had been ground up. 

Chemical Efficiency of the Emanation . 

It has been pointed out that in all the experiments hitherto 
described, the emanation probably brings about only a fraction of the 
amount of decomposition which it could effect under more favourable 
conditions. In Expb, III the total volume oE ammonia deconn 
posed was 0 - 597 c.c., and the emanation which was mixed with it 
was the product of six days’ accumulation, and therefore, according 
to the recent work of Gray and Ramsay (Trans., 1909, 93, 1073), 
|0G0081 c.c. In this experiment, then, the ratio of the volumes of 
emanation and ammonia was 1 to 7380, or, in other words, each 
: &tom of emanation decomposed on the average 7380 molecules of 
ammonia. 

In order to get some idea of the amount of chemical work which 
could be done by the emanation under favourable conditions, an ex* 
periment similar to those described above was carried out on a much 
larger scale. A large round-bottomed flask of 2 litres capacity was 
filled with ammonia at about 260 mm. pressure, and] mixed with six 
days’ accumulation of emanation. The course of the reaction oould 
not, of course, be followed, but, at the end of a month, the gases were 
pumped out and the quantity of nitrogen and hydrogen produced was 
roughly estimated. It was found that 10'9 c,c. of ammonia had been 
decomposed. This ip, in every sense, a minimum value, for no account 
is taken of the fact that that portion of the emanation which was 
near the walls of the flask was nob entirely used up in decomposing 
ammo uia, and no correction is introduced for gas driven into the 
glass. 

There is, however, no doubt that the conditions of this experiment 
were extremely favourable as compared with those of the preceding 
ones, and were probably such as to secure at least 90 per cent, of the 
maximum amount of decomposition. In this case, one molecule of 
emanation decomposed 134,300 molecules of ammonia. 

If we take this as an approximate measure of the chemical efficiency 
! VOL. XCVII. EE 
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of the emanation, we can calculate the .fraction the total energy 
of the emanation which is used in effecting cheniical decomposition. 

It is reasonable to assume that the a-particles are mainly respor*. 
sible for the effects observed, and, further, that their power to deuom- 
pose ceases when they no longer produce any other physical effect, 
that is, when their velocity is reduced to 64 per cent, of their average 
initial velocity of projection. 

On this hypothesis, the total kinetic energy of one atom of emana- 
tion available for chemical work will be that of three a-particles, since 
the atoms of radium-4, -B, and -G Are projected with less than the 
critical velocity. 

Now, the total kinetic energy of one a-particle, is 6 x I0" 6 ergs,, 
hence the energy available for chemical work =(6 x 10~ 6 ) x (0'64) 2 s 
about 2*5 x 10-e ergs. 

Therefore one atom of emanation produces about 7*5 x 1O -0 ergs, 
available energy. Taking the mechanical equivalent of heat as 
4T 82 x 10 7 ergs, per calorie, this amounts to 

7*5 x 10 _ x 10" 13 calories. 

4-182 x 10 7 


Now 134,300 molecules of ammonia (which are decomposed by one 
atom of emanation) require for complete decomposition aborf 
2*02 x 1CT 15 calories, hence the chemical efficiency of the a-particle in 
this experiment is 

!^ x ._ 10 = 1 - 12 x 10 -*, 

1-8 X 10" u 


or a little more thau 1 per cent. 

As regards its influence on equilibrium in the system ammonrn- 
hydrogen-nitrogen, it can only be said that if any definite state of 
equilibrium were reached under ideal conditions, it would be one 
corresponding with a very high temperature. Under ordinary con- 
ditions there is no true equilibrium, but only a state of rest depending 
on the proportions of ammonia and emanation, surface, and possibly 
other factors as well The emanation cannot be called a catalyst m 
any sense, and the effects produced are probably mechanical or electnca 

in origin. , , 

The principal conclusions arrived at in the course of this investigation 

may be summarised as follows : 

(1) Ammonia is decomposed by radium emanation at the ordinary 
temperature, and the decomposition is nearly irreversible. 

(2) Recombination was not observed to take place to a grea r 

extent than 0*86 per cent. # . 

(3) Decomposition of solidified ammonia by solidified emanati 

proceeds with appreciable velocity at — 190°. 



(4) The dee^mposi^a at the ordinary temperature follows approxi- 
mately the h r a unimolecular homogeneous reaction when 

correcting factors for the deoay of the emanation and alteration of its 
efficiency with time are introduced, 

(5) If the ratio of ammonia to emanation molecules does not 
exceed 10,000 to 1, the statement that each atom iu disintegrating 
produces the same effect is not strictly true, on account of the waste 
involved when the system is rich in emanation. 

(6) The largest effect observed was the decomposition of 134,300 
molecules of ammonia per atom of emanation. 

(7) The energy required to produce the largest effect observed was 
about 1 per cent, of the energy actually expended during the production 
of that effect. 

(8) All experiments with gases in glass vessels in presence of the 
emanation are complicated by the fact that gas is driven into the 
glass, and can only be recovered by beating strongly, 

(9) Hydrogen is driven into glass to a greater extent than nitrogen, 
sad as uxuch as 0 24 c.c. of the former gas has been thus lost during 
a single experiment. 

I wish, in conclusion, to express my indebtedness to Sir William 
Ramsay, who kindly placed at my disposal the emanation used in 
the experiments, and whom I have also to thaDk for his advice and 
criticism. 

University College, 

London. 


XLV , — Attempted Resolution of Racemic Aldehydes . 

By William Ord Wootton. 

During recent years numerous investigations have been under- 
taken with a view to elucidating the relationship between the 
chemical composition and rotatory power of optically active sub- 
stances. Although considerable progress has been made in this 
direction by the study of homologous series of ethereal salts and 
alkyloxides, it can scarcely be claimed that any generalisations of 
^de application have yet been established. This is no doubt to be 
explained partly by the uncertainty attaching to the conventional 
method of expressing optical rotatory power, and partly by the 
fact that with few exceptions the compounds chosen for examination 
have been of too complex a character to admit of great emphasis 
bem § i a id on the conclusions drawn from them. Owing chiefly to 

E E 2 
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accessible compound, of low molecular weight, having only one 
asymmetric carbon atom, and containing no cyclic grouping; ft 
would be an additional advantage if it contained a chemically 
reactive group or radicle directly attached to the asymmetric carbon 
atom, through the agency of which the effect of substitution, 
addition, or of the introduction of double linkings could be studied. 
The value of a substance containing a single asymmetric carbon 
atom in connexion with the application of Guye s modified equation 
has been pointed out by Bose (Physikd. Zeitsch 1908, 9 , 860). 

The series of aldehydes of the type CHRK/’CHO fulfils the 
foregoing conditions, and since they are easily obtained by the 
general method of Darzens (Convpt: rend,, 1904, 139 , 1214), it 
appeared to be of interest to ascertain whether these presumably 
racemic substances are capable of resolution into optical antipodes, 
or whether by other processes they could be obtained in active 
forms. The direct resolution of racemic aldehydes has been accom- 
plished by Neuberg and Federer (Her., 1905, 38 , 868), who 
employed d-phenylamylhydrazine, a substance not easy to prepaw 
in the pure state, and which, like most amyl compounds, might J*. 
expected to form oily derivatives. In a previous communication 
(Trans., 1907, 91 , 1890) I have described the preparation of an 
optically active amine, namely, 4-bromo-3-aminophenyl-a-camphor- 
amic acid, which it was hoped might be applied to the same purpose. 
The action of this base on hydratropaldehyde, CHMePh*CHO, has; 
now been examined, but the results obtained did not seem to 
warrant the extension of its use. ■ 

Attention has been drawn (loc. cit.) to the difficulty with which 
camphoric anhydride unites with the nitroanilines to form the 
nitrophenyl o-camphoramic acids. This combination has now been 
effected in the case of m-nitroaniline. The nitro-acid obtained has 
been reduced to the amino-compound, and the behaviour of the 
product towards a racemic aldehyde studied. For this purpose 
butylchloral, CCUMe-CHCl-CHO, was selected, since Wheeler^- 
Amer. Chem. Soc„ 1908, 30 , 136) has found that chloral readilj 
condenses with primary aromatic amines, forming well-definec 
compounds. In the present instance, however, although con 
densatien between one molecule of the aldehyde and two molccu c 
of the base presented no difficulty, it was not found possible - 
resolve the product by fractional crystallisation into its optica j 

active components. oan i ve 

A more promising method that suggests itself would be to reso 
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kaloid, and then to ; 
carbon dioxidje 

■ eliminated and th© aldehyde produced. I&j&riments have been 
-arried out in this direction, but although a sodium salt of 
tybeiiyI-0-niethylglycidic acid has been obtained having [a] D -1- 16 ’“6° 
j n aqueous solution, yet the corresponding aldehyde appears to be 
Dptdcally inactive. This, however, may be due to the fact that 
ac id itself contains two asymmetric carbon atoms, and it is 
possible that resolution has only been effected in the case of the 
carbon atom which ceases to be asymmetric on conversion of the 
acid into the aldehyde : 

CMflPh<j? H ' C ° 2H — »■ CHMePh-CHO. 


In the expectation of obtaining optically active bases by tbe 
reduction of nitro-derivatives of benzylidenecamphor, I have 
examined the action of o~ , m-, and p-nitrobenzaldehyde on sodium 
camphor. Although this line of inquiry has been abandoned on 
account of the very poor yields obtained, the results of the experi- 
ments are recorded in the sequel. 

A point of some interest has been noticed in connexion with the 
optical properties of the derivatives of a-camphoramic acid. It 
has usually been found that the rotatory power of a eyelid com- 
pound is considerably greater than that of the corresponding 
open-chain derivative. Thus the rotatory powers of esters of 
l-methyl-3-c^c/opentanone-4-carboxylic acid are about thirty times 
as great as those of the corresponding esters of mefchyladipic acid 
(Haller, Compt . rend., 1905. 140 , 1205). The hexahydrophthalic 
acids have much lower specific rotations than their anhydrides 
("Werner, Ber., 1899, 32 , 3046). Many other instances might be 
quoted. Camphoric acid and its anhydride, however, form an 
exception to the rule, the acid having [a] n + 46° in alcohol, whilst 
the anhydride has [a] D — 7'7°. Similarly, a-camphoramic acid has 
[«] d + 45° in acetone, whilst camphorimide has [a] D — 10*1°. In 
order to ascertain whether this peculiarity was exhibited by the 
^-substituted amides and iraides of camphoric acid, I have prepared 
several new members of this series, and determined their rotatory 
power in acetone solution at a temperature between 19° and 21°. 
Variations in the concentration of the solution between 1’5 and 
3 parts per 100 have very little effect on the rotatory power. 

The results are summarised on p. 408. 

It will be noticed that the molecular rotatory power of the acid 
15 always greater than that of its corresponding imide, except in 
the case of the a-naplithyl aud o-bromophenyl derivatives. The 
difference between the molecular rotatory powers of the acid and 
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Camphoramic aa#^ ^CwDsphorimia^ 


Derivative. 

[«v 

[M]J 

■M* 

1% 

Methyl 

33 24° 

70-8° 

7*26° 

14 T 

Ethyl 

17-1 

38-8 

8-87 

18-5 

n-Propyl 

18-45 

44-5 

10-9 

24‘3 

n-Butyl 

15‘8 

40‘3 

12'8 

30-3 

fi-Amvl 

18-9 

50-8 

7*7 

19-3 

%• Hexyl 

16* 9 

47*8 

10*8 

28-6 

Allyl 

18-54 

32*4 

7-95 

17-6 

o-Tolyl 

33 9 

98'0 

15-7 

43-0 

m*To1yl 

310 

89-0 

17-6 

47-0 

2 ?-Tolyl 

37-0 

107-0 

12-7 

34-0 

a-Naphttiyl 

7 46 

24-2 

26-34 

80-7 

0 Naphthyl 

64'9 

210*9 

18-0 

55-2 

4 -Hydroxy phenyl 

49-2 

1431 

— 


4-Ethoxyplienyl 

39-5 

130 0 

18*5 

55*0 

2-ChlorophenyI 

-16'4 

-50-8 

14*1 

41-2 

3-Chlorophenyl 

37'0 

1140 

16-2 

47 '0 

4-Chlorophenyl 

10-5 

125-5 

16-2 

47-0 

2-Bromophenyl 

-11‘8 

-41-8 

13-3 

447 

3‘Bromophenyl 

33'2 

117-0 

15*4 

51-0 

4-Bromophenyl 

37-8 

1340 

15‘7 

52-0 

3-Nitrophenyl 

32*0 

102-4 

1-7 

5-1 

3-Aminophenyl 

39'9 

116*5 

— 


4-Bromo-3-nitrophenyl 

-48-4 

-193 -2 * 

— 

— 

4-Bromo-3-aminophenyl 

40-7 

109-5 * 

(feebly 

dextrorotatory) 


4 -Benzeneazopheny 1 . . . . 

87*7 332-5 * 

* Jn alcoholic solution. 

~ 

— 


imide in the case of o- } m-, and p-isomerides is always greatest in 
the ^-compounds. The homologous series of alkyl derivatives show 
no marked regularity; it is noteworthy, however, that the two 
allyl compounds show distinctly lower rotatory power than tie 
corresponding w-propyl derivatives, in this respect resembling the 
allylamides in the malic and tartaric series, which show abnormally 
low rotatory powers when compared with the propylamides (Frank- 
land and Done, Trans., 1906, 89 , 1861). 


Experimental. 

Attempted Preparation of Optically Active Ilydrairopaldehydt. 

Ilydratropaldehyde and 4*bromo-3-amino-a-caruphoramic acid did 
not interact in alcoholic solution, either in the cold or on warming, 
and attempts to obtain a condensation product with benzaldeliyde 
were equally unsuccessful. 


Resolution of Sodium fi-Phenyl-fi-methylglycidate. 

Preliminary experiments with the quinine salt of jS-pheny!- 
/9-methylglycidic acid having shown that this substance was unsiut- 
able for the purpose, the brucine sa].t was prepared by adding 
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brucine hydrochloride ^L. mol.), dissolved in the minimum amount 
0 f warm water, to a warm aqueous solution of sodium /3-phenyl- 
£ me fcbylglycidate (2 mols.). On allowing the solution to evaporate 
spontaneously over potassium hydroxide in a vacuum, clusters of 
radiating, irregular prisms separated, which were crystallised 
repeatedly from absolute alcohol until optically constant, care being 
taken t-o avoid prolonged heating with the solvent : 

0*2402 gave 10‘4 c.c. N 2 at 23° and 760 mm. N=4*89. 

C ri3 Ha 6 0 7 N 2 requires N=4‘89 per cent. 


0 6475, in 20 c.c. water, gave, in a 2-dcm. tube, a-1‘14 0 , whence 
Md-iw 

0*6800, in 20 c.c. absolute alcohol, gave, in a 2-dcm. tube, 
a -0'60°, whence [a] D — 8’82°. 


When rapidly heated, the salt melts and decomposes at 
141—142°. It decomposes on boiling with water or when heated 
a few degrees above its melting point, giving brucine and hydratrop- 
aldehyde. A good yield of the latter was obtained when the salt 
was slowly heated under diminished pressure; the product wa3 
collected in three separate fractions, but each of these proved to 
be optically inactive when examined in ethereal or alcoholic solution. 
The mother liquor remaining from the preparation of the salt was 
pale brown in colour, and when kept in a vacuum deposited a small 
quantity of the crystalline brucine salt, together with a resinous 
substance which appeared to contain hydratropaldehyde together 
with the free alkaloid. Dilution of the liquid with water caused a 
further precipitation of brucine. The hydratropaldehyde was found 
to be inactive. 

o v i _ r , T , „ , - . CH.,,. CH’COaNa 

Sodmm d-p-Phenyl-p-methylfflycidate, „ >>C<C.A , was 

obtained by grinding the foregoing brucine salt with water con- 
taining the calculated amount of sodium hydroxide. The alkaloid 
was removed by repeated extraction with chloroform, and the 
solution allowed to evaporate in a vacuum. The sodium salt was 
finally obtained in colourless leaflets after three crystallisations 
from dilute alcohol: 


0*3002 gave 0‘1097 Na 2 S0 4 . Na= 11*88. 

C 10 H 8 O 3 Na requires Na=12'10 per cent. 

0-6000, in 20 c.c. water, gave, in a 2-dcm. tube, a +1*00°, whence 

M» +16*6°. 


When dissolved in water and treated with slightly less than the 
calculated amount of sulphuric acid, carbon dioxide was evolved, 
and the solution became turbid through the separation of hydratrop- 
sldehyde. Ig one experiment this was removed by steam dis- 
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however, appeared to he optically inactive When" 'Ruined in 5 pet 
cent, solutions of alcohol, chloroform, or ether. The aldehy^ 
mor| 0 ver, gave a semicarbazone identical with that obtained f rott 
'•the racemic sodium salt. 

Attempted Resolution of Butylchloral. — Condensation occura 
readily when an aqueous solution of m-aminophenyha-camphorainic 
. acid (see below) is shaken with butylchloral. It is advisable, how- 
ever, to add the butylchloral (1 mol.) to a solution of the sodium 
salt of the acid (2 mols.). The aldehyde dissolves immediately 
with considerable development of heat. 

Trichlo ro 6 utijlidenehis-3-aminoph enyl-a-cam.ph o ramie A cid, 
CMeCl 2 *CHCl , CH(NH*C 6 H 4 *NH*C0*C 8 H 14 *C0 2 H) 2J 

separates as a bulky mass of colourless needles when the solution 
of its sodium salt is acidified with acetic acid. After crystallisation 
from dilute alcohol, it melts and decomposes at 126 — 130° when 
heated moderately rapidly. Attempts to resolve it by fractional 
crystallisation from this solvent and also from acetone were not 
successful, successive fractions showing practically the same rotatory 
power. Prolonged heating with solvents brings about decom- 
position : 

, -0*9081 gave 0*0510 AgCl. 01 = 13*89. 

CggH^OgN^lg requires 01=14*38 per cent. 

0*5110, in 20 c.c. acetone, gave, in a 2-dcm. tube, a D +1*40°, 
whence [a] p +27*4°. 

Nitro-derivatives of Benzylidenecamphor. 

The only nitro-derivative of benzylidenecamphor hitherto known 
has been described by Haller (Com/pt. rend., 1895, 121 , 36). By 
the action of fuming nitric acid on benzylidenecamphor, a colour-j 
less compound was obtained, to which he ascribed the constitution:) 

The nitro-groups do not appear to be attached to the benzene 
nucleus, since the substance furnishes benzylidenecamphor on 
reduction. 

Action of p-Nitrobenzaldehyde on Sodium Camphor .— The 
Bodium camphor required in these experiments was prepared by the 
action of sodium or finely divided sodamide on camphor dissolved 
in dry ether, benzene, or toluene. The reactions appeared to follow 
the same course whichever method was adopted, the use of sodamide 
with ether, however, was preferred as giving cleaner products and 
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jV-tor. 

initio 


^g^^^ulated .quantity of 

r QltTOb !^^^^e 2 su 6 d, accompanied hf dfr&opment of heat. 

» Vlg0f f ure was tept below 5° for an hour, and then heated for 
Th wftLe on the water-bath. The reddish-brown, pasty mass 
* Extracted with water, the layer of organic solvent separated 
ltd and finally heated on the water-bath until the solvent and 
wreater , art of unaltered camphor had been removed. The 
tk g „« extract on the addition of an acid gave a voluminous yellow 
aqUe ° *+ fft consisting: chiefly of p-nitrobenzoic acid. The residue 
fftTfto evaporation of the organic solvent appeared as a viscous, 

0 il whichdowly deposited yellow crystals. The oily matter was 
"I ed hy extraction with cold alcohol and examined separately. 
Tte c Valine residue contained the following two substances^ 

I A compound, CmEssOjNj.— T his product is sparingly soluble 
•„ alcohol ether, or benzene, and readily so in pyridine or carbon 
tetrachloride, from which it separates in small, orange-red prisms 

if -it 280 281°. The compound is distinguished by its 

“iTklbS high rotatory power; it does not give Liebermann’s 
reaction and develops no coloration with alcoholic potash. Two 
determinations of the molecular weight in chloroform solution b y 
rZnioscopic method gave 422 and 446 respectively, the above 

formula requiring 538: „ 

0 0913 gave 0-2529' C0 2 and 0-0597 HjO. C = 75‘52; H=7 25. 
0A559 12'8 c.c. N, at 18° and 744 mm. N=5’65. 

requires 6=75-82; H=706; N=5'20 per cent. 
0*0939, in 25 c.c. chloroform, gave, in a 2-dcm. tube, o D +4 55 , 
whence [.]„ +605°, and [M] D +3255°. - 

. ix. &-Nitrobenzylidenecain'phor, C g H u <^Q 

compound separates from alcohol in bright yellow glistening leaflet^ 
Siting at 156-157°; it is sparingly soluble in alcoholic potassium 
hydroxide, giving a yellow solution. Concentrated sulphuric acid 
develops an orange-red coloration . 

01012 gave 0 3148 CO* and 0 0592 H*0. C = 71-71; H = 6’38. 

' 0-1780 „ 7-6 c.c. N* at 16° and 754 mm N=4'82. 

requires 0=71-59; H = 6-6«; N = 4-88 per cent. 

0 3102, in 20 c.c. chloroform, gave, in a 2-dcm. tube, „ + , 

whence [al D + 437°, and [M]„ +1345°. 

Examination of the Alcoholic Extract- -A deep red oil, having 
a slight odour of camphor, remained after removal of the alcohol 
by evaporation. The oil is insoluble in water, but freely solublein 
the usual organic media; on adding alkali bydioxi e a i -s a co i 
solution, an intense purple coloration is developed, which, on 
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dilution with water, changes to red. The. colour^! destroyed, by 
acids, but restored by alkalis. It is possible that this product 
contains an enolic form of 4-nitrobenzylidenecamphor : 


C a HL 


c:c:c 6 h 4 :n:o 

S)0 OH' 


A chromophoric oil having similar properties has been described 
by Forster, who obtained it by the action of p-nitrobenzyl chloride 
on isonitrosocamphor in presence of sodium ethoxide (Trans., 1908, 
93 , 249). Decomposition occurs when the oil is distilled under 
diminished pressure, and all attempts to isolate a pure compound 
or prepare a crystalline derivative have failed. 

No chromophoric substance is formed if the temperature of 
reaction is allowed to rise during the preparation; under these 
conditions, the main product is the compound together 

with a very insoluble brown substance which has not yet been 
obtained in a state of purity. To ascertain whether the presence 
of the camphor nucleus is essential for its formation, experiments 
have been carried out on the action of p-nitrobenzaldehyde on the 
sodium derivatives of ethyl acetoacetate, carvone, and pulegone; 
no chromophoric product was recognised, however, and this would 
appear to exclude the possibility of the colour having arisen from 
the action of the alkali on any derivative of dinitrostilbene. It 
may he mentioned that the sodium derivative of pulegone is very 
readily prepared by the action of sodamide on an ethereal solution 
of pulegone. The action proceeds briskly without warming, and a 
good yield is obtained. 


Action of o- and m-Nitrobenzaldekyde on Sodium Camphor. 

2-Nitrobenzylidenecamphor , C 17 H 19 0 3 N, prepared in the same way 
as the 4-nitro-compound, occurs as well-formed, light brown prisms, 
melting at 116—117°. A solution in chloroform gave [«] D +50° 
approximately; owing to the absorption of light, the rotatory powr 
could not be accurately determined. The compound itself gives no 
coloration with alcoholic potassium hydroxide, but the oily material 
from which it is separated develops an intense purple coloration 
with this reagent: 

02633 gave 11'9 c.c. N 2 at 28° and 766 mm. N = 4'99. 

C 17 H 19 0 3 N requires N = 4‘88 per cent. 

Z-Nitrobensylidenecamphor , C 17 H 19 0 3 N. — This compound and 

m-nitrobenzoic acid are the only products of the action of w-nitro- 
benzaldehyde on sodium camphor. It was obtained as a yellow 
oil, which, on addition of alcohol, rapidly solidified. Wien 



RACEMIC ALDEHYDES. 413 

rystallised frodpa hoi alcohol, it forma very pale yellow needles, 

j. . 

0*2024 gave 9*4 c.c. N 2 at 19° and 748 mm. N-5*13. 

C 1T H 19 O s N' requires N = 4‘88 per cent. 

0*0934, in 15 c.c. chloroform, gave, in a 2-dcm. tube, a D +3 92°, 
whence [fl]i> + 311°, and [M]j> +783°. 


Alkyl Derivatives of a-Camyhoramic Acid , C0 2 H*C & H li , CO*NHR. 

The following new members of the series were prepared by the 
interaction of camphoric anhydride (1 mol.) with an alcoholic 
solution of the amine (2 mols.). After purification by conversion 
into the sodium salt, the free acid was regenerated by the addition 
of hydrochloric acid and crystallised from dilute acetone: 


Analysis. 


Derivative. 

Empirical 

formula^ 

Crystalline 

form. 

M. p. 

Found. 

Theory, 
per cent. 

Ethyl 

<W> 3 N 

Hexagonal 

173-175° 

N=6*08 

617 

n-Propyl 

c 13 iw 

leaflets 

Hexagonal 

187—188 

N-5-79 

5 '81 

n-Batyi 

thiHssOaN 

leaflets 

Hexagonal 

124—125 

C=6571 

65*89 

»-Amyl 

c 15 h 27 0 8 n 

leaflets 

Crystalline 



H= 9-48 
C=66-58 

9 ‘80 
66‘91 

»-Hexyl ...... 

VWT 

mass 

Hexagonal 

123—124 

H=10‘25 

N=6‘21 

10 03 
4‘95 

Ally! 

c js h 21 o 3 n 

leaflets 

Leaflets 

157-158 

N=5’66 

5‘87 


Aryl Derivatives of a-C a m/ph o ram ic 




CON HR 
C0 2 H * 


Acid, 


In most cases these compounds are readily obtained by heating 
an intimate mixture of camphoric anhydride and the substituted 
amine for a few minutes at 150 — 180°. In the case of m-nitro- 
aniline, a-naphthylamine, and ortho-substit.utcd amines, it is neces- 
sary to heat for a longer period in sealed tubes. 

3-AUro'pIienyl'<t-cam'phora , niic A cid , 

C0 2 H*C 8 H u *CO*NH*C c HpNOo, 

is prepared by heating 13 grams of camphoric anhydride with 
10 grams of m-nitroaniline at 150° for one hour in a sealed tube. 
The crystalline mass is dissolved in dilute ammonia, the solution 
filtered after twenty-four hours, and then acidified. The first few 
drops of acid precipitate a brown, resinous product, but further 
addition of acid yields the required compound in a state of purity. 
It is crystallised from acetic acid containing a little stannous 
chloride, and finally from alcohol, from which it separates in large. 
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colourless, hexagonal h 
ai^l decompose at $1* 


V and melt 


ave IS- 6 c!c. N 2 it 20° and 754 'min. $f=^8‘71. 
i6H ffl O^N 2 requires N.-S75 per cent. 


0-6178, in *20 c.e. acetone, gave, in a 2-dcm. tube, a D 4- l'97° a 
whence [a] + 32*0°. 

3-1 tninophenyl-a-canvphora mi c A cid , 

CX) 2 H*C 8 H u *CO*NH^C 6 H 4 *NH 2 , 

prepared from the foregoing compound by reduction with ferrous 
sulphate in ammoniacal solution, forms small, colourless needles, 
melting at 196 — 197°: 


0*2000 gave 16*6 c.c. N 2 at 21° and 766 mm. N=9*53. 

C 16 H 22 O a N requires N<=9*65 per cent. 

0 3908, in 20 c.c. acetone, gave, in a 2-dcm. tube, o D 4-1*56°, 
■whence [a] D 4 39*9°. 

The acetyl derivative crystallises in silky needles, melting at 

220 221°. The hydrochloride of the base is easily soluble in water, 

and on diazotisation yields a clear solution which, on the addition 
of alkaline jB-naphthol, furnishes a bright red azo-compound. A 
solution of the base in dilute alcohol gives an immediate precipitate 
on the addition of an aldehyde; this arises from condensation of 
two molecules of the base with one of the aldehyde. 


i-Hydroxyphenyl-a-camphoramic Add , 
C0 2 H*C 8 H 14 , C0 , NH-C 6 H 4 , 0H. 

A brisk reaction occurs when camphoric anhydride and p-aminfr 
phenol are heated together. The dark-coloured product contains 
small quantities of a substance characterised by the intense purple . 
coloration developed with aqueous alkali hydroxides; it was- 
crystallised from alcohol until the mother liquor no longer showed 
this reaction. Kecrystallisation from acetic acid, after treatment 
with animal charcoal, gave small, pale brown prisms. The melting 
point was somewhat indefinite, the compound sintering at 236° and 
decomposing at 250°. The product after fusion dissolved in 
aqueous alkalis, giving deep purple solutions, probably owing to 
the formation of a phthalein : 

0*Q986 gave 0'2385 C0 2 and 0 0648 H 2 0. C - 65*80 ; H = 7*30. 

C 16 H 21 0 4 N requires C = 65*98; II = 7*22 per cent. 

0*3641, in 20 c.c. acetone, gave, in a 2-dem. tube, a D +1‘80° ) 
whence [ct] T> +49* 16°. 

The following aryl derivatives of a-camphoramic acid were also 

prepared : 
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i . Analysis. 

V^T^.' '•.***••" AHOU^ffc 

Deri'fAti 1 ^'^^"' 'formula. form, ' M. i p.‘ Fdiitid* per cent? 

n TdIvI CjtH^OjK Long needles 194—196°' N = 4*72 4*64 

UtoW' C w H*OjN Needles 206-209 N=4*7S 4-84 

■J£ lv l» CjjH^OjSr Leaflet* 212-214 ■ N=4*96 4 84 

ISapHthyl C^H a 0 2 N Needles 233-235 N=4*31 4 ’31 

^Naphthyl..* C go H®OjN Lustrous 210—212 N=4*68 4 '31 

- v leaflets 

, Ethoxyphenyl... C^H^O^N Long needles 195—197 N-4*85 4*39 

2 -Chiorophenyl C^H^OjNCl Minute 139—140 01=11*22 11*47 

crystals 

S-Chloronhenyl ... C Jfi H 20 O 3 NCt Leaflets 207-209 01=11*35 31*47 

t-Chloropbeuyl ... C lfl HajO a NCL Prisms 192-194 01=11*38 11*47 

2 -flnmiophenyl ... C ie Hr 0 O 3 NBv Vitreous mass about 78 Br- 22*42 22*60 

S-Bromopheuyl ... C w H a O.,NBr Small tablets 215-217 Hr =22*54 22*60 

* This compound, together with the’corrcsjKnnling iuude, has recently been de> 
scribed by Abati and Notaris (Gazzetta, 1909, 39, ii, 219). These authors give the 
melting point 201—209° for the acid and 131° for the imide. 

N -Alkyl and Aryl Derivatives of Camphorimide, 

C * H h< C 0> N11 ‘ 


By boiling a solution of a iT-substituted a-caraphoraroic acid in * 
glacial acetic acid with acetyl chloride for two hours, and pouring' 
the liquid into excess of dilute ammonia, the corresponding imide 
is obtained in almost theoretical yield. The following were 
prepared : 

Analysis. 


Empirical Crystalliue Theory, 

Derivative. formula. form. M. p. Found, per cent. 

ft-Propyl C,*H 41 0 4 N Prisms 40—41° 0=69*92 69*95 

, R=9'37 9*42 

fl-Butyl C u H a O s N Lath-like 61-62 N=6*13 5*91 

crystals 

> rt-Amvl C i 6 H-O s N Oil - N=5*50 *5*58 

ii'Hexyl C w H„OoN Oil4 - N=6*31 5*28 

o-'fdyi CyjHojOjN Long needles 195 — 196 N=5*21 5*16 

M-Toiyl C^fLjiOjN Glistening 117—118 N=5'27 5*16 

leaflets 

p-Tolyl CwK-OJf Flat prisms 127—128 C=74*98 75*26 

H=7*61 7*75 

o-Naphthyl C^H^O.^N Stout prisms 211—212 N = 4*68 4*56 

/8-Naphthyl C 20 H. ll O J N Small needles 167—168 N=4*57 4*56 

2-ChlorophenyI ... C lfi H 1R OiNCl Flat prisms 125—126 01=11 97 12*18 

. 3-Chlorophcnyl ... C, 6 H, 8 OJs t C 1 ‘ Needle. 172-173 01=12*03 12*18 

4-Chlorophenyl ... C w H 38 O 4 N0l Prisms 162—163 N=4*89 4*80 

2- BromopheDvl ... C w H«O a NBr Small prisms 139—140 Br= 23*57 23*80 

3- BromophenyI ... C\ fl H 3 ANBr Needles 184-185 Br=33*6S 23*80 

3-Nitrophenyl C 16 H. w 0 4 N a Rhombic 146—147 N=8*97 9*27 

prisms 

Koval College of Science, 


South Kensington, SAY. 
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. Th e Relation between Reactivity and Chemicd 

Constitution of Certain Halogen Compounds. 

By Hans Thacheb Clarke. 

The reactivity of the halogens in organic halogen compounds has 
been studied by various investigators: Wislicenus (Wen, 1882, 
*919 2391 with ethyl sodioacetoacetate ; Hecht, Conrad, and 

Bruckner (Zeitsch. physikal. Cheat., 1889, 4, 273), with sodium 
ethoxide ; Menschutkin ( Zeitsch. . physikd. Chem., WQ, 5, 589), 
with triethylamine; Burke and Donnan (Trans., 1904, 85, 555; 
Zeitsch. physikd. Cheat., 1909, 69, 148 ) with silver nitrate; Slate 
(Trans. 1904, 85, 1286; 1905, 87, 482), Slator and Twiss (Traaa, 
1909, 95, 93), with sodium thiosulphate; Senter (Trans., 1907, 
91 460 -1909 95 1827), with water and with alkalis; but no 
definite conclusions appear to have been drawn as to the relations 
between reactivity and constitution. „ n 

The present paper deals with compounds of the type 
the object being to study the influence of the nature of the gn$p 
(Rj on the reactivity of the halogen (X). g 

The reactivity was determined by the measurement of tin 
velocity of the reaction between pyridine and the halogen compound 
in absolute alcoholic solution, identical conditions being observed 
throughout the series of experiments : 

c 5 h 6 n + x-ch 2 -r = 

From the scheme representing the reaction, it is evident that 
ionic reactions are improbable. 

Attempts were at first made with ethylamlme and dimethyl- 
aniline at the temperature of boiling alcohol, but it was tad 
that the values of “ K," calculated for a bimolecular reaction, 
decreased with the progress of the reaction, this efiect bein, 
doubtless due to “ heterospasis : 

NPhMe 2 + X-CH s -R-^NPhMe 2 X-CH s -R-^NMePh-CH 2 -R+MeX. 

Pyridine was accordingly selected as a tertiary base in which no 
such decomposition could occur. Moreover, as pyridine is mwe 
strongly basic than the above-mentioned derivatives of aniline, Ui 
reaction could take place with measurable velocity at a l» 

te Equal tU voiumes of TV/2-solutions of pyridine and the halogen 
compound were mixed and maintained at the tempera urt 
55‘6°, |fforded by a water-bath surrounded with boiling a 
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j er constant pressure,, aliquot portions being withdrawn at 
intervals and tbiHomsed halogen titrated with silver nitrate. The 
instant was calculated, from the usual formula for a bimolecular 

reaction, namely: 

jr __ 1 - C t 
C 0 • t C 0 — 6'j 


In nearly every case the values of K did not vary from those 
required for a bimolecular reaction by more than experimental 
error. 

The experimental results are set forth in the following table; 
they will be discussed in detail on subsequent pages : 


a-Propyl bromide 

Allyl 

Benzyl „ 

Cinnamyl ,, 

Brain oacetic acid 

Methyl bromoacetate 

Ethyl ,, 

ji-Propyl >, 

jsoPropyl „ 

«-Btttyl ,, 

ter£.-Butyl ,, 

Phenvi ,, 

Benzyl „ 

Allyl „ 

Ethyl jS'broraopropioimte 

Bromoacetal 

Chloroacctamidc 

Chloroace tani lide 

Bromoacetanilide 

Biphenylchloroacetamide 

Chloroacetone 

Chloroacctophenonc 

Brora oaeetophanone 


X. R. 

K. 

Br*CH 2 ’Et 

0*0179 

BrCH**CH:CH, 

1*253 

Br*CH 4 *Ph 

5-118 

Br*CH./CH:CH’Ph 

0*472 

Bi*CH 2 ‘C0 2 H 

0*666 

BrCH 2 -C0 2 Me 

0*919 

Br*CH 2 *C0 2 Et 

1-004 

Br’CH 2 *C0 2 Pr* 

0-752 

Br*CH./C0 2 Pr^ 

1*048 

Br’CH 2 'C0 3 *CH 8 ‘CH 2 Et 

0*770 

Br*CH. 1 , C0 2 *CMe 3 

0*934 

Br‘CII t *COoPh 

1*927 

Br*CH 2 *C0 2 *CH s Ph 

1*211 

Br*011 2 m*C 3 H, 

0*768 

Br*C H 2 , CH 2 *C0 2 Et 

0*0277 

Br-CH 2 *CHlOEt) 2 

0*012 

Cl*CH.,‘CO*NH 2 

0 01115 

Cl’CH s ‘CO'NHPh 

0-0264 

Br'CH 8 *CO*NHPh 

1*533 

Cl-ClVCO-NPlu 

0*0341 

CPCHo’COMe 

0*0686 

Cl*CH«*COPh 

0*1339 

BrCHg’COPh 

7*269 


The first fact established was that in a compound of the type 
X*CH 2 *B the reactivity of the halogen, as determined by the above 
method, was controlled by the residual affinity of the atom or 
group (Kr) directly attached to the methylene carbon atom. The 
following series will illustrate this conclusion : 

K. 


n-Propyl bromide 0*0179 

Methyl biomoacetate 0*919 

Allyl bromide 1’253 

Benzyl ,, * 6*118 


Monochloromethyl ether and bromonitromethane were also 
examined. In both these cases there are present groups to 
"whicli a large amount of residual affinity is attributable (OMe ; 

Chloromethyl ether reacted so rapidly with alcoholic 
Pyridine that no measurement could be obtained; whereas bromo- 
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nitromcthano formed- a very ^ 

eliminatdoja * > 

Taking, then, this ml® as a basis, an attempt has been 
to determine the degree of unsaturation in various compound 0 | 
this type in order to elucidate the nature of the different gtonps 
involved. 

The effect of conjugation of a phenyl nucleus with an etkenoid 
linking appears to diminish the total residual affinity inherent in 
the carbon atom in the a-position with respect to the methylene 
group, the reactivity of cinnamyl bromide being less than one-half 
of that of allyl bromide : 


Cinnamyl bromide Ph'CHjCH’CHjjBr £=0*472 

Allyl „ CH 2 :CH*0H 2 Br £=1-253 


Turning now to the derivatives of chloro- and bromo-acetic acids 
it was found that the reactivity of the halogen varied with the 
nature of the radicle to which the halogen-acyl group was attached. 

When equimolecular quantities of pyridine and bromoacetic acid 
were mixed in alcoholic solution, it was found, contrary to expecta- 
tion, that elimination of bromine took place along the lines of a- 
bimolecular reaction. This fact would tend to point to the absence 
of stable salhf ormation in absolute alcohol : 


Bromoacetic acid 


if— 0’666 


* The reactivity of the halogen in the following series of saturated 
aliphatic esters was examined: 


K. 


Methyl bromoacctate 0*919 

Ethyl „ 1004 

?i-Propyl ,, 0*732 


K. 

isoPropyl bromoacctate 1*048 

n-Butyl ,, 0*770 

terf, -Butyl ,, 0*934 


The phenyl, benzyl, and allyl esters of bromoacetic acid were 
examined in the same manner : 


K. 

Phenyl bromoacetate 1*927 

Benzyl „ 1*211 

Allyl 0*768 


In phenyl bromoacetate, which exhibits a greatly exalted 
reactivity, the alcoholic radicle contains the greatest residual 
affinity. In benzyl bromoacetate, in which a methylene group is 
interposed between the phenyl and the bromoacetoxyl groups, the 
effect still persists, although considerably diminished. The re- 
activity of the allyl ester, when compared with that of the »-propyl 
ester, shows a slight exaltation — to a less extent, however, owing 
to the less powerful influence of the ethenoid as compared with 
the benzenoid grouping. 

Since the values obtained from allyl bromoacetate and benzyl 
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tronioacoUte' iiilicate thair-tHe &fltience of the unsaturated group 
js appreciable etfen when situated in the ^-position, the reactivity 
0 f ethyl 0-b r omoprop ion ate was measured : 


Ethyl fl-bromopropioDate K~ 0*0277 

X^is value, when compared with the saturated standard, ?i-propyl 
browde {K =0*0179), is sensibly exalted. Bromoacetal, on the 
othetf hand, yields a value (Z’=0 012) which shows the reactivity 
of the halogen to be slightly depressed. 

In the series of halogen-acetylamides, the reactivity of the halogen 
compounds was measured . 


K. 

Chloroacetaraide 0*01115 

Chloroaeetanilide 0*0264 


K. 

Bromoaaetanilide 1*533 

Diphenylchloroacetamide , . 0 *0341 


In the case of the halogen-acetanilides, the reactivity constant 
of the bromine derivative is 58*1 times as great as that of the 
chlorine derivative. , Taking this ratio, the value calculated from 
chloroacetamide yields K =0*648 for bromoacetamide, a substance 
difficult to obtain in a high state of purity, and, moreover, 
insufficiently soluble in alcohol. 

The same rule thus holds good for the BrCHg'CO’O and the 
BrCHjfCO’Nl structures, the replacement of hydrogen by phenyl 
giving rise to increased reactivity of the halogen, as the following 
table shows : 


K. K. 

Bromoacetic acid 0*666 (Bromoacetamide 0*648) 

Phenyl bromoacetate 1*927 Bromo&cetanilidc 1*533 


The reactivities of lialogenated ketones were found to be greatly 
in excess of those of the corresponding carboxylic compounds 
enumerated above: 


K . 

Chloroacetone 0*0686 

Chloroacetophenone 0 * 1339 

Bromoacetophenone 1 *269 


from which the constant for bromoaeetone can he calculated, being 
approximately K~ 3*720. In the case of the ketones, as in the case 
of bromoacetic esters, the replacement of a methyl group by a 
phenyl group occasions approximately doubled reactivity. 

Two series of measurements were carried out in an aqueous- 
alcoholic solution (25 c.c. absolute alcohol diluted to 100 c.c. with 
water), the substances examined being methyl hromoacetate and 
potassium hromoacetate, and the initial concentration of the 
reacting substances N /4 before mixing : 


K. 

Methyl hromoacetate 14*61 

Potassium ,, 9*07 

VOL. XCVII, F F 
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It will be, observed tiba|& fax ensu^ 

in the preaenw r of water than in absolute alcohols . The ratio 
between tHe constants obtained for these substances in aqueous, 
alcoholic solution is of the same order as that between thog^ 
obtained" for : methyl bromoacetate and for bromoacetic acid in 
alcoholic solution : 

It would thus appear that no radical change in constitution occurs 
during salt-formation and esterification. 


Discussion of Results. 

The author inclines to regard the variation of the reactivity of 
die halogen in compounds containing unsaturated groups in the 
3-position as due to the weakening of the bonds attached to the 
x-carbon atom caused by the strengthening of the bond between 
the unsaturated group and the a-carbon atom. To take the case 
of allyl bromide and benzyl bromide, all residual affinity of the 
^ethylene carbon atom (*) : 

CH 2 BfCH:CH 2 CH.BrPh 

is absorbed by the unsaturated group, leaving the remaining turn, 
atoms less strongly attached to the carbon atom. This is bom 
out by the observation of Wislicenus ( loc . cit.) that the halogen* 
vinyl iodide (CH 2 tCH-) is subnormally reactive. The subnoi* 
reactivity of the halogens in aryl halides may perhaps be due to 
the same cause. This view of the variable strength of affinities with 
varying substituents has already been put forward by Claus (At, 
1881 14 , 432), and fully discussed by Werner and by FlurschemL- 
Of the compounds containing the halogen-acetyl grouping, the. 
greatest reactivity of the halogen is to be found among the ketonffl.' 
This tends to show that the ketonic carbonyl group possesses more 
residual affinity than the carboxylic and carbamidic carbony group. 
It has long been suspected that in the carboxyl group the too 
oxygen atoms exert some mutual attraction, and in a r«en 
publication Miss Smedley (Trans., 1909, 95 , 231) has assigned to 

the carboxyl group a constitution, in which the third 

and fourth valencies of the two oxygen atoms are united. 

Now, it was shown above that in the case of phenyl bromoace 
the reactivity of the halogen is approximately double that « 
corresponding methyl ester, and this fact mdica es f 

influence must be at work wbich transmits the eflect 6 
series of atoms so as to exalt the reactivity of the halogen. 
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Hitherto- of , the carhoxyl group has been - 

' seI1 tially^ of "a static p atur e. The old formula, ’C<Q t , must bej 

|. r ^ s i n ce it furnishes no distinction between the carboxylic^ 
T ketonic carbonyl groups, and the formula advocated by 
Goldschmidt (Zeitsch. Mektrochem . , 1904, 10, 221), -CS0-0-, in. 
difficult to reconcile with the chemical and physical properties of^ 

the group. . v^ 

l^i 8 s Smedley’s view of the constitution of the carboxyl group . 

■ in harmony with the results above mentioned, except in so far 
that its static nature gives no explanation of the variations iijjjj 
reactivity due to differences in the alcoholic radicle. The author? 
therefore suggests that this formulation should be modified in 
such a way that the greater or less unsaturated character of tfi| 
carbonyl group is expressed. 

There are two possible methods of regarding the problem. The, 
first is that the bond between the oxygen atoms is variable ii^ 

xJO | 

intensity, resulting in a formula of this nature : ’ C <Q^ > the 

second being that while the attraction between the oxygen atoms 
remains constant, the bond between the hydroxylic oxygen atom 
and the carbon atom varies in intensity, requiring a formula of the 

o . i 

type ’C< || . Considering the problem as a whole, the evidence 

s O- 

tends to favour the first view. 

A comparison of the conditions obtaining in methyl bromoacetate 
and phenyl bromoacetate may serve to illustrate this interpretation : 


CHoBrO 


CHcBr’C 




,0 


t)*Me 


\ 


"O’Pb 


In the phenyl ester a greater proportion of the residual affinity 
of the hydroxylic oxygen atom is absorbed by the phenyl group 
than in the case of the methyl ester, so that the attraction between 
the oxygen atoms is lessened. A more unsaturated or, it might 
be said, a more ketonic form of carbonyl is thus produced, with 
consequent increase of reactivity of the bromine atom. 

A similar structure may be applied to the amides: 

Replacement of the amidb hydrogen atoms by groups rich in 
residual affinity, such as phenyl, enhances the ketonic character 
of the carbonyl group. 

The variations observed through the series of aliphatic ester: 
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which were examined are interesting, and point tn differences 
residual affinity of the several alkyl groups. 

The free acid is less reactive than any of the esters, whilst the 
reactivity increases from the methyl ester through the ethyl ester to 
the isopropyl ester, that is, on successive substitution of the 
hydrogen atoms of the methyl group. Slator (Trans., 1905, 87, 
481) also has found that ethyl bromoacetate is more reactive 
towards sodium thiosulphate than methyl bromoacetate. The 
reactivity of the tertiary butyl ester, however, falls to a value 
approximating that of the methyl ester. 

On continuing substitution in a normal chain, the reactivity of 



the n-propyl ester falls to a strikingly low value, rising again 
slightly in the case of the rc-butyl ester. Thus, both the butyl 
esters- examined display anomalous reactivity, breaking the con- 
tinuity of the curves. The curve furnished by the normal esters, 
however, perhaps displays the periodic rise and fall observed in 
many of the physical properties of homologous series. 

It may here be mentioned that these results are strictly com- 
parable, as steric considerations can play no part in the elimination 
of bromine from bromoacetic esters. 

The results found by Burke and Donnan (loc. cit.) for the 
reactivities of the alkyl iodides produce a curve, which, wjj* 
similar in appearance, leads to the opposite conclusion. 6 


CHEMICAL constitution of certain halogen compounds. 423 

i •*> * : * -• 

author's results tend to show t^t the residual affinity of the normal 
series of alky 1 groups rises from methyl to ethyl, and falls to 
frpropyt’ ' rising again slightly to n-butyl. On the other hand, 
since the halides of groups rich in residual affinity, such as phenyl 
orvinylj have been shown to be distinctly sluggish towards halogen 
eliminating agents, it would follow from the work of Burke and 
Dorman that the residual affinity would be at a minimum in the ethyl 
radicle, increasing towards methyl on the one hand, and towards 
ii-propyl and n-butyl on the other. A satisfactory explanation 
remains yet to be put forward to account for the discordant results 


Fro. 2. 



obtained for reaction velocity measurements in so far as the alkyl 
groups are concerned. 

With regard to the variations in reactivity due to the structure 
of the alkyl radicles, no influence ascribable to “ alkylene ” or 
“ allcylidene ” dissociation (Nef, Annalen , 1899, 309, 126) can be 
at work, dissociation of this type being highly improbable in 
carboxylic esters. 

The measurements carried out with methyl bromoacetate indicate, 
that the reaction with pyridine takes place with far greater velocity 
10 a T ue °us alcohol than in absolute alcoholic solution. Slator and 
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Twiss (Trans., 1909, sodium 

thiosulphate j; reacts^itiore with 

: chloroacetone in*! aqueous alchliblic Solution than an pure “water. 
8%$Xn the halogen acetic acids and their derivatives, the influence 
between the halogen atom and the carboxyl group may be regarded 
as mutual, since Lichty (Amer. Ghem . J., 1895, 17 , 27) has shown 
that the initial velocities of esterification of chloro- and bromo-acetic 
^acids by ethyl alcohol are greater than that of acetic acid. Lichty hag 
^tlso shown (. Atmalen , 1902, 319 , 369) that the initial esterification 
^Velocity and affinity constants of the a-halogen-fatty acids greatly 
lexceed those of the &- and y-halogen-fatty acids. This is in entire 
lharmony with the decreased reactivity of the bromine in ethyl 
j j3-bromopropionate as compared with ethyl bromoacetate. 


Experimental. 

The substances employed for the reactivity measurements were 
ilk most cases purchased from Kahlbaum, or prepared by standard' 
methods. Semi-normal solutions of pyridine and the various 
halogen compounds in absolute alcohol were prepared, 50 c.c. of 
each solution being mixed and maintained at 55“ 6°. . At definite] 
intervals of time, 10 c.c. were withdrawn and titrated wifchj 
standard silver nitrate (approximately Nf 10), the pipettes being 
standardised for the temperature. In' some cases, potassium 
chromate was used as an indicator, in others, Volhard'a thiocyanate 
method was employed to determine the end-point. The 10 c.c. of 
solution were added to about 100 c.c. of cold distilled water, 
covered, when the substances were highly reactive, with a layer of 
ether to remove the unchanged halogen compounds from the action 

of "the silver nitrate. ^ _ * 

The following measurements were carried out in absolute alcoholic 
solution; temperature 55*6°; initial concentration N/i; t repre- 
sents the time-interval in hours, Ct the percentage decomposition^ 
and E the velocity-coefficient: 


£ . 

Ct 

K 




t . 
C t 
K 


n -Trotyl Bromide. 


o-ooo 

0-00 


16-750 
6 '80 
0-0174 


19-500 

8-00 

0-0182 


0*000 

o-oo 


Allyl Bromide. 

1-000 1-333 : 

‘23-80 29*58 4 

1-248 1-258 


21*584 

21-000 

8-80 

9-80 

00179 

L 

0-0181 

-333 2-500 

3-000 

•50 43*79 

48-80 

•268 1 -246 

1-245- 


Mean value of K- si -253, 
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Bm^VWobiidel-^ 

■ fym 0-667 0*834 '^HMO 1 ‘167 

* 0*00 39*55 46*47 50*91 5CT1 60 05 

~ 5*231 5*209 4*978 5*022 5T50 

Mean value of K= 5 *11 8. 


Ginnamyl Bromide , 

0 000 0*167 0*767 1*917 3*250 

0*00 1*97 8*27 18 51 27*59 

— 0*482 0*471 0*475 0*469 

Mean value of K— 0 *472. 



t 


Ct ... 

K ... 


Bromoacetic Acid. 

0 000 0*684 1*033 1*333 1*500 1*667 1*833 

0*00 9*00 14*60 18*^0 20*00 21*60 24 00 

— 0*642 0*662 0*676 0*667 0*660 0*688> 

Mean value of K— 0 *666. 


Methyl Bromoacetate . 

0*000 1-000 1*500 3*000 3 500 4*000 4*500 

0*00 18-43 25*72 41*09 45*30 47*21 50*66 

— 0*904 0*923 0*930 0*948 0 894 0*914 

Mean value of AT=0‘919. 


Ethyl Bromoacetate. 


1*000 

2*000 

3*000 

4*000 

4*500 

5*000 

5*500 

6-000 

20*00 

33*80 

43*40 

50*52 

53*00 

55*32 

57 *60 

59*66 

1*000 

1*021 

1*022 

1*021 

1*003 

0*991 

0*988 

0*984 


Mean value of K— 1*004. 


n -Profyl Bromoacetate. 


t , 0*000 1*500 2*500 3*584 4*500 

' 0*00 22*07 31*91 40*40 45*60 

K — 0*755 0*750 0*757 0*744 


Meau value of K— 0*752. 


iso Propyl Bromoacetate. 

0*000 1*000 1*500 2*000 2*500 3*000 

C t ... 0 00 20*88 27*97 34*67 39*40 44*11 

K ... — 1*055 1*000 1 060 1*040 1 053 

Mean value of AT=1‘048. 


n -Butyl Bromoacetate. 


t 0*000 1*333 2'000 2 500 3*000 

C f ( 0*00 20*09 28*36 32*30 36 62 

K — 0*754 C'792 0*764 0*771 


Mean value of ijf=0*77Q. 



426 CLARKE; THE RELATION BETWEEN REACTIVITY AND 



teit.-Butyl Bromoacetate 

0*000 1*000 1*800 2*250 2*500 

0*00 19*00 29*90 ' 34*40 36*80 

— 0*938 0*938 0*932 0 932 

Mean value of AT=0 934. 



Phenyl Bromoacetate . 


0*000 

0*433 

0*600 

0*767 

0*934 

1*1.00 

1*267 

1*433 

1*600 

0*00 

17*28 

22*28 

27*28 

31*11 

34*95 

37*67 

41*70 

43*40 


1*929 

1*911 

1*958 

1*936 

1*963 

1*907 

1*915 

1*919 


Mean value of AT= 1*927. 


Benzyl Bromoacetate. 


i 0*000 0*784 

C t 0 00 18*71 

K “ 1*174 


1^000 1*333 1*584 

22*83 28*95 32*60 

1*180 1*244 1*204 

Mean value of AT= 1*211. 


2*350 2*817 3*000 
42*55 4 6*10 47*29 
1*268 1*208 1*196 


( 

K 


Allyl Bromoacetate. 

0*000 0*834 2*067 3*000 3*750 

0*00 13*79 28*36 36*36 41*78 

— 0*769 0*766 0*771 0*765 

Mean value of AT= 0*768. 


t . 

C t , 

K 


Ethyl j8 Bromo'pro'pionatc. 


0*000 

0*00 

5*250 

3*94 

0*0313 

21*500 

12*20 

0*0258 

24*000 

13*50 

0*0260 

27*500 

15*35 

0*0264 

29*500 

16*78 

0 0273 


Mean value of K- 

0*0277. 




Bromoacetal. 


I 0*000 18-000 21*000 26*000 

q 0*00 5*21 6*02 6*87 

K — 0*0122 0*0122 0*0114 


Mean value of iT=0*012. 


Chloroacetamide. 



0*000 19*170 21 *167 23*500 

0*00 5*09 5*76 6*14 

_ 0*01120 0*01155 0*01113 

Mean value of /f=0 01115. 


45*333 

11*22 

0 * 010/0 


t 


C t 

K 


Chloroacetanilide. 


4*600 

5*417 

6*367 

20*750 

24*066 

2*96 

3*55 

3*94 

12*01 

13*20 

0*0265 

0*0274 

0*0258 

0*0268 

0*0253 


Mean value uf 7f= 0*0264. 
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Bromoacetanilide. 


.. • o ooo 
Ct ... °‘°° 

K - 


1-000 1*500 

27-65 36-50 

1-463 1-532 


1-934 2-834 

41-85 52*80 

1-485 1*578 


3-283 3-483 

56*35 57-60 

1-573 1-565 


Mean value of K= 1‘533. 



Diphenylchloroacetamide. 


o-ooo 

10-500 

12-000 

14-000 

15-500 

18-500 

0-00 

8*20 

9'40 

10*60 

11-80 

13-40 


0-0340 

0-0346 

0 0339 

0-0345 

0 0335 


Mean value of AT=C‘0341. 



Chloroacetone. 


3-758 

5*550 

20-550 

22-500 

24-330 

6*30 

8-66 

26*20 

27*40 

29*35 

0-0715 

0-0683 

0-0691 

0-0661 

0-0682 


Mean value of iST^O‘0686. 



Chloroacetophenone. 

0000 5-100 11-550 15*500 16*333 

0-00 14-56 27*75 34 ‘30 35*45 

— 0*1336 0*1330 0*1346 0*1345 

Mean value of 0*1339. 


Bromoacetophenone. 


t 0-000 

C t ... 0-00 

K ... — 


0-333 0-500 
37-65 48*00 

7-252 7*382 


0667 0-833 

54 91 60-30 

7-301 7-288 


1-000 1-333 
63 75 71-02 

7-035 7*358 


Mean value of K= 7‘269. 


The following two series of measurements were carried out in 
25 per cent, aqueous alcohol (by volume) \ temperature 55 6 ; initial 
concentration N j 8 : 


Methyl Bromoacetate. 


0*0000 

o-oo 

0-1166 
17 60 
14-65 

0-2000 

27*20 

14*95 

0-2835 

34-40 

34-81 

0 3667 
40 00 
14-54 

0-4500 

44-80 

14-43 

0 5333 
48-80 
14-30 


Mean value of AT=14'61. 




Potassium Bromoacetate . 



0-0000 

o-oo 

0-2000 

18-40 

9-02 

0-3667 

29*60 

9*18 

0-5333 

37-60 

9-06 

0-7000 

44-00 

8-98 

0-8568 

49-60 

910 

1-0333 
53 60 
9-09 


Mean value of K— 9‘07. 


The following compounds quoted in the foregoing list are not 
described in the literature. 
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Gin ymmjl B ro mi$e, ij 



SP****- 

^peratuie, 
Itfng " 


saturated with M 

lefted t§|10d°^r twoSfEofo s" f^decomjSbse tlfcrtesiiltfng additive 
'product, hashed ; ‘with dilute alkali and with Water, dried, and 
^istilled under diminished pressure. It is an almost colourless^] 
foiling at 122— 123°/10 mm., insoluble in water, and moderately 
^soluble in organic solvents : 

|| O' 1830 gave 0*1752 AgBr. Br=40*74. 

C 9 H 9 Br requires Br= 40*62 per cent. 

Butyl Bromoacetate, CH 2 Br‘CO 2 *C 4 H 0 , — Equimolecular qu^. 
pities of bromoacetic acid and 72-butyl alcohol with a few drops of 
^Concentrated sulphuric acid were heated to 100° for three hours, 
4he product being washed with dilute alkali and with water, dried, 
[;8fchd distilled under diminished pressure. The substance is a colour- 
jjjess liquid, boiling at 78°/ 10 nun., and is insoluble in water, but 
IgpjBcible with organic solvents; it possesses no sharp odour, thus 
differing from the other aliphatic esters examined : 

| : 0*1085 gave 0*1046 AgBr. Br=41*02. 

C 6 H n 0 2 Br requires Br=4102 per cent. 

It tert.’Butyl Bromoacetate, CH 2 Br»C0 2 ‘CMe 3 . — ^erf.Butyl iodide 
!was treated with a slight excess of dry silver bromoacetate suspended 
;in ether, the mixture being kept cool. After twelve hours, the 
\ .ethereal solution was filtered, and the ether distilled off, the residue 
rbeing fractionated under diminished pressure. A yield of only 
^about 20 per cent, was obtained of a colourless liquid, boiling aj 
50°/ 10 mm., insoluble in water, but miscible with organic solvents] 
it possesses a pungent odour, similar to that of methyl bromo 
acetate: 


0*1747 gave 0*1691 AgBr. Br=41*20. 

C 6 H u 0 2 Br requires Br — 41'D2 per cent. 

Benzyl Bromoacetate , CH 2 Br*00 2 *CH 2 Ph. — Benzyl alcohol and- 
bromoacetic acid were esterified in the manner described under 
rc-butyl bromoacetate. The ester is a colourless liquid boiling at 
143°/ 10 mm., and insoluble in water, but miscible with organic 
solvents; it possesses an odour similar to that of benzyl acetate; 
the vapour does not attack the mucous membranes at the ordinary 
temperature : 

0*2136 gave 0*1746 AgBr. Br^34*82. 

C 9 H 9 0 2 Br requires Br— 34*94 per cent. 

AUyl Bromoacetate , CH 2 Br , C0 2 ‘CH2*CH!CH 2 . — Allyl alcohol 
and bromoacetic acid were esterified in the manner described under 
72-butyl bromoacetate. The ester is a colourless liquid, boiling at 
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, ble miscible with organic 

M oxtremeljPsWp odour u 

C 5 H 7 0 2 Br requires Br=44 - G9 per cent. 
jjiphenylchloroacetqmide , CH 2 Cl‘CONPh 2 . — Diphenylamine^ 
dissolved in dry carbon tetrachloride, was treated with excess ofj 
ehloroacetyl chloride, the mixture being maintained at atmospheric^ 
temperature by immersion in cold water. The precipitated di-i 
phenylamine hydrochloride was separated, and the carbon tetral 
chloride removed from the filtrate by distillation. The r&sidue,, 
after being washed with water, was recrystallised from alcohol.' 
The compound forms colourless needles, melting at 116°, and is| 
v m0 derately soluble in organic solvents : 

0*1944 gave 0*1163 AgCL 01=14*80. 

C, 4 H j 2 ONC1 requires 01=14*45 per cent. 


In conclusion, the author desires to express his thanks tips 
Assistant-Professor Smiles and to Dr. A. W. Stewart for friendly^ 
interest and valuable advice. * ';*;a 

Chemical Laboratory, 

University College, London. 


XLYII. — The Vapour Pressures of Two Perfectly 
Miscible Solids and, their Solid Solutions, 

By Ernest Vanstone, B.Sc. (Wales) (1851 Exhibition Research 
Scholar University College, Cardiff, formerly (r Isaac Roberts ” 
Research Scholar). 

In a former paper (Trans., 1909, 95 , 590) it was shown that 
camphor and hydroxycamphor or borneol form a continuous series 
of solid solutions. The vapour pressures of these substances and 
of their solid solutions have since been measured; the methods 
employed and results obtained form the subject of the present 
paper. 

The Vapour Pressure of Camphor. 

Measurements have previously been made by Ramsay and Young 
{Phil. Trans . , 1884, Part I, 34) and by Allen (Trans., 1900, 77, 
413). Ramsay and Young determined the vapour pressures for 
temperatures from 0° to 180°. The ordinary barometric method 
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was employed, and also a seco||F method, in which.. the. temperate 
of volatilisation corresponding with different pressures were re^ 
on a thermometer the bulb of which was coated with a layer of 
camphor. This method gave good results for liquids, but does not 
seem satisfactory when used for solids. Concerning the barometric 
method, the authors state : “ We think it right to give details u 
■ to the method of operation, as we found it a matter of extreme 
difficulty to expel all moisture and air.” In spite of the precaution 
taken, I think it very probable that the results obtained wem 
vitiated by the presence of a trace of air. The results obtained 
by the two methods are not very concordant, thus at 640 
the barometric method gave 64 mm., whereas the second method 
gave 7*2 mm. at 48'9°. 

Allen also used two methods, one being the barometric. He tool 
‘ the precaution to boil the mercury, but passed the camphor up 
; a small tube, and applied a correction for the air admitted. 

The air-current method was also employed, the principle of which 
v is to find the weight of camphor required to saturate a known volume 
of air. The saturation limit was, however, obtained by a method 
of extrapolation. Allen’s work extended over temperatures froml 
0° to 80°. The vapour pressures measured were very small, the . 
greatest being 9 mm. at 80°. There is considerable discrepancy ? 
between Allen’s results and those of Ramsay and Young, thus at ) 
48*9° the latter obtained 7*2 mm., whereas Allen at 50° obtained 
1*3 mm. I therefore decided to make determinations by both the 
barometric and air-current methods for temperatures from 78° to 
160°. 

The Barometric Method. 

The apparatus (Fig. 1) consisted of two tubes about 80 cm. long 
and 12 mm. internal diameter. One of these tubes was provided 
with a trap 20 cm. from the closed end. This tube served as a 
standard barometer, which was filled as follows : 

Mercury was poured in until it extended a few cm. past the 
trap. The tube was then connected to the water pump, and the 
mercury boiled. After cooling, the tube was nearly filled with 
mercury, and heated to the boiling point of aniline in the vapour- 
jacket. By connecting to the pump and repeatedly tapping the 
tube, most of the air bubbles were removed. After coolingj the 
tube was completely filled and inverted in the trough. The second 
tube served as the experimental tube. A thick-walled capillary 
tube was sealed on one end, a piece of wider glass tubing a few 
mm. diameter next, and then the stopcock. 

Both tubes were jacketed. The lower end of the jacket was 
closed by a doubly-bored rubber cork covered with a layer of 
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mercury; the upper end by an ordinary split cork. An experiment 
waS conducted as follows. The experimental tube was connected 
to the pump by .sealed glass joints, and the mercury pumped up. 
Tke tube was then heated to the boiling point of the liquid in the 
bulb, the pump kept at work, and the tube repeatedly tapped to 
remove bubbles from the side. It was then allowed to cool, and 
the camphor introduced as a small pellet under the mercury in th* 
trough. The tube was again heated, and 
the pump worked. As the upper part Fro. 1 . 

0 f the tube became hot, the camphor 
vaporised, and some of it passed into the 
capillary portion, where it condensed and 
closed the tube. 

When the vapour was condensing well 
up in the side-tube, the heights of the 
mercury in the barometer and experi- 
mental tube were read by means of a 
cathetometer, provided with a vernier 
which enabled readings to be made to 
0 01 mm. The telescope of the catheto- 
meter was brought into the horizontal by 
focussing on the surfaces of the mercury 
in the limbs of a wide U tube clamped 
near the top of the apparatus. Readings 
were taken until the pressure was con- 
stant. The apparatus was then allowed 
to cool, and readings again taken at room 
temperature. If the difference in level 
was now greater than 0'1 mm., the 
capillary tube was gently heated ; the 
camphor which had condensed there was 
by this means driven back into the 
experimental tube or into the upper 
wider portion, and thus the passage to 
the pump was again open. The above 
Operations were then repeated until the 
lesired result was obtained. 

This made it certain that all the air and moisture had been 
removed, the vapour pressure of camphor at room temperature 
being about 0*1 mm. It was found more convenient to make 
observations at the highest temperature first, as on passing from a 
lower to a higher temperature air bubbles always appeared on the 
sides of the tube. 

In the early experiments a Topler pump was used, but later a 
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T'leuss pump was became f ar 

less tedious. Accurate results at five temperatures' were .obtained 
the temperatures being the boiling points of the*following liquid 
under atmospheric pressure: ethyl alcohol, 78°; propyl alcohol," Sgo. 
toluene, 110°; chlorobenzene, 130°; and bromobenzene, 15 $o ’ 
The temperatures were read on Anschutz normal thermometers 
(which had been previously standardised) placed inside the jacket, 
;These could be read to 0T°. In some cases the temperatures were 
^obtained by reading the barometer, from Ramsay and Young’s 
•table of vapour pressures, 
ff The following results were obtained: 


Vapour Pressure of Camphor. 


Temperature. 

Number of readings. 

Vapour press 

78-0° 

30 

6*40 mm 

96*8 

6 

16*15 „ 

110*9 

20 

83*00 „ 

131 T 

28 

75*37 „ 

131*4 

16 

76*00 „ 

132*0 

15 

76*61 „ 

167*0 

14 

181*50 „ 


The Vapour Pressure of Borneol. 

The vapour pressure of borneol has not been previously measured, 
fit was determined in the same manner with the following results: 


Temperature. 

Number of readings. 

Vapour pressure. 

77*9° 

6 

2*16 mm. 

96*8 

11 

6*65 „ 

110*0 

9 

14*94 „ 

131*0 

16 

40*92 „ 

156*0 

14 

115*16 „ 


The Air-Current Method. 

The apparatus was the same as that used by Perman and Davie 
in finding the vapour pressures of naphthalene and dilute solii 
solutions of naphthalene and jS-naphthol (Trans,, 1907, 91, 1114) 
Details are given in that paper. A stopcock replaced the groum 
glass stopper, and a larger bulb was necessary for condensing ti 
- camphor. The stopcock was sealed on after introducing tl 
v camphor. A thermostat containing water and a toluene regulate 
were used for temperatures below 100°; for higher temperature 
olive oil and a mercury regulator were employed. In order that th 
* pressure of the air in the spiral should be the same before anu 
Rafter the experiment, it was placed in the thermostat and a current^ 
f t of air drawn through for some time; the stopcock was then closed, 
the spiral removed, the camphor washed out of the bulb w 



solutions. 433 

alcohol by immersing in light 

petroleum, dri^anS^ 'weighed^ It was again- placed in the 
thermostat., and a kno^n volume of air drawn over, then cleaned 
and weighed as before. ^ ^ V: 4 

The temperature of the aspirator and the heigh| of the barometer! 
vere observed at the end of the experiment, 

Method of Calculation.— If w = weight in grams of camphor 
withdrawn : 

P » pressure of atmosphere in min. 
p- „ air in aspirator in mm. 

T~ absolute temperature of aspirator, 
r- volume of air aspirated, in litres. 

v e ~ specific volume of camphor vapour = 

M 

M - molecular weight of camphor. 


then, assuming the truth of Dalton's Law of Partial Pressures, th<| 
following relationship holds good : 

Pressure of camphor vapour __ Volume of camphor vapour 
Total pressure. Total volume. ’ 


p e __ wv c 

p~v+w7 6 

correcting volume V for temperature and pressure we get: 

wv/TP 760 

Pc 273pF+766wv c F' 

The following results were obtained : 


VK 

P(ram.). 

K 

P ■ 

T. 

Time (mins.) 

. tv 

Pc (mm.). 

0*4169 

752-2 

7-305 

738-7 

288-9' 

1 540 

77*9 

6*823 

0*3439 

765-0 

5-915 

752-6 

287'5 

370 

78*0 

6-904 

0-2522 

756-5 

4-439 

744 2 

287-4 

325 

78*0 

6-746 

0-3455 

763-6 

5*915 

751-6 

287’1 

480 

78-0 

6-923 

0-8379 

759*8 

5-915 

747-0 

288-2 

350 

78*0 

6*805 

'0-8355 

764-9 

5*915 

752-2 

287’9 

330 

77-9 

6 750 

0-2561 

763*6 

4-439 

750*8 

288-2 

285 

78-0 

6-872 

0*2555 

759*9 

4*439 

746*3 

289-0 

555 

78*0 

6*800 




Mean v 

apour pressure at 78° ... 


8-828 

0-3956 

758*7 

2*957 

744-9 

289-2 

. ISO 

95*2 

15*820 

03994 

759*0 

2*957 

745*3 

289-1 

180 

95*1 

15*961 

0-3952 

761 >2 

2-957 

747-3 

289-3 

280 

95-1 

15-812 

0-4016 

763-2 

2-957 

749-1 

289*0 

250 

95-2 

16*083 

0-3927 

765*6 

2*957 

750-2 

291-0 

220 

95 T 

15-885 

03960 

766-1 

2-957 

750-4 

291-3 

240 

95*1 

15-989 

0-4005 

764-1 

2 959 

748*4 

291-3 

270 

95-1 

15-981 

0-3908 

766*5 

2*959 

751*7 

290-4 

255 

95*1 

15*711 

0-3959 

765-4 

2-959 

750-8 

290*2 

270 

95 T 

15-896 


Mean vapour pressure at 95 15 15-880 
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w. 


v ; 


T. £ Time (mins. } ; f. 

Pc (Him.}. 

0*3863 

760-3 

1-4764 

746-4 

289-3 

80 

109-0 

30-866 

0'3870 

764-3 

1-4764 

750-8 

288-8 

80 

109-0 

30-347 

0*3875 

768 3 

1*4764 

749-7 

289*0 

80 

109-2 

30-410 

0*3875 

762-2 

1*4764 

74S-4 

289-2 

80 

109-0 

30-435 




* 




— 




Mean vapour pressure 

at 109 s .. 


30-890 

1*3500 

759-5 

2*959 

750-0 

283*4 

135 

120-3 

50-15 

1*3332 

762*0 

2-959 

752*3 

283-9 

150 

120*2 

49-67 

1-3044 

767-1 

2'959 

758-1 

282-7 

150 

120 0 

48-45 

1-2940 

751-6 

2-959 

741-8 

284-0 

180 

120 0 

48-30 




Mean vapour pressure at 120° . 


48-37 

1*0100 

746-3 

1-4764 

73G1 

284-6 

115 

130*4 

73-04 

1*0064 

744-2 

1-4764 

734-1 

284-4 

70 

130*4 

72'78 

1-0090 

748-5 

1-4764 

738-7 

283*9 

70 

130-4 

7272 




Mean vapour pressure 

it 130*4°. 


72-84 

.0*6859 

758*6 

1-000 

744‘6 

289-5 

60 

181*2 

74-78 

0-6892 

759*1 

1000 

745-1 

239*4 

35 

131*3 

75-09 

0*6908 

759-5 

1-000 

745-5 

289-5 

35 

131-3 

75-273 

1 0*6928 

757-7 

1*000 

743*4 

289*7 

40 

131*5 

75*528 




Mean vapour pressure 

at 131-3° 


• 75-17 

1*0352 

774*4 

1*000 

765-7 

282-2 

55 

139*9 

104-77 

1-0248 

773-9 

1-000 

764-8 

282-9 

60 

139*9 

104-12 

1-0304 

774-1 

1*000 

764-8 

283-3 

50 

140T 

104-76 

1*0204 

774*2 

1*000 

765-6 

282-0 

50 

139'6 

103-40 




Mean vapour pressure 

at 140° . 


104-5 

1*5830 

765*7 

1*000 

756-4 

282 9 

90 

1500 

149-83 

1-5872 

764-0 

1*000 

754-8 

283*3 

60 

150-0 

150-03 

1-6014 

766*4 

1*000 

757*7 

282-2 

45 

150*1 

150-56 




Mean vapour pressure 

at 150° . 


150-13 

2-0410 

758-5 

1*000 

744*3 

298-8 

60 

156*0 

186-43 

2*0154 

764*0 

1-000 

750-6 

288-8 

60 

• 156-0 

184‘34 


Mean vapour pressure at 156® 185 ‘4 

It is seen from the above that for temperatures of 120° and 
upwards, considerable quantities of camphor were drawn off. A 
larger spiral was used in these experiments. At 150° the camphor 
showed signs of charring. The rate at which the air was drawn 
over was varied widely to ensure saturation. 

The results obtained by the two methods are compared in the 
following table: 


nperature. 

Barometric (mm.). 

Temperature. 

Air current (mm.). 

78-6° 

7-09 

78-1° 

6-83 

96-8 

16 15 

95 T 

15-88 

1110 

33*00 

110*9 

33-00 

181-0 

75-00 

131*1 

75*20 

157-0 

181-5 

156-0 

185*4 
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The agreement is very close; tlie high* values given by the air- 
urrent method at 150° and 156° are probably due to charring of 
t ke camphor. The vapour presures at the temperatures of Ramsay 
and Young’s experiments and those of Allen have been obtained 
by graphic interpolation. 

These are given in the table below: 




Vapour pressure Ramsay and Young 

Allen 


Temperature. 

(mm.). 

(mm.). 


(mm.). 



78*4° 

6-8 

9-5* 


7-62 



80*0 

7-1 

— 


9-15 



92-4 

13-1 

15*4 * 


— 



100-0 

19 5 

22-6 


— 



101-0 

20-5 

27-2 


— 



109-4 

30-8 

35 0 


— 



116-7 

42*6 

46-0 


— 



127*4 

65*5 

66 3 


— 



132-0 

76-7 

78 T 


— 



134'2 

84*2 ' 

88-6 


— 



136’3 

91-0 

92 8 


— 



140-3 

105-0 

105*0 


— 



141-7 

110-0 

109-4 


— 



147'0 

131*0 

155*1 


— 



154-3 

165*8 

197*6 


— 



* These results were obtained by the barometric method. 


It is seen that the present results 

are at nearly all temperatures 

lower than those of the other investigators. 




The vapour pressures of borncot were also determined by the air- 

current method, 

with the following results: 




w, 

P 

V. p (mm. ). 

T. Time (mins.), 

. f. 1 

V.P. (mm.). 

0-095 

753-7 

5-021 742-8 

285-7° 

390 

78-0 

2-213 

0-1085 

755-9 

5-021 745-8 

2S4-5 

390 

78-0 

2-344 

0*1072 

758-8 

5-021 749-3 

283*6 

345 

78-1 

2*358 



Mean vapour pressure at 78° ... 


2-305 

0-2912 

761*6 

5-021 751 5 

284-5 

255 

95 0 

6-708 

0-2858 

758-1 

5-021 747-7 

284-9 

270 

95 T 

C-597 

0'2884 

752 3 

5-021 741-6 

285*4 

350 

95*3 

6-671 

0-2908 

763*9 

5-021 753*2 

285-4 

300 

95-3 

6-725 



Mean vapour pressure at 95 '2°.. . 


6-675 

0-4105 

749-7 

3-0024 736-8 

285-7 

180 

110*5 

15*765 

0-4095 

754-1 

2-9545 743 2 

285-7 

180 

110*5 

15-920 

0-3918 

751 1 

2-9180 740-2 

285 ‘7 

180 

109-8 

15-450 

0 3523 

7541 

2-6185 742-9 

286-0 

180 

110-4 

15-508 

0 2039 

755 ■» 

1*4825 744-3 

286-1 

180 

1109 

15-829 

: 0-2023 

765 0 

1-4825 752-0 

285-8 

85 

110-4 

15 "685 



Mean vapour 

pressure nt 

110-4°.. 


15-72 

1-3344 

763-3 

1-4825 752-1 

286-0 

60 

120-0 

25-606 

>•3330 

752-4 

1-4825 741-6 

285-5 

60 

320-0 

25-463 

>-3-286 

764-4 

1-4825 754-1 

284-8 

60 

120 0 

25-045 



Mean vapour 

pressure at 

120° .. 


2:V37l 


VOL, XCVII. G G 
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* w. 

P. 

V. •' p (mm.); 

T. Time (mins.). t“. \ 

•P-ta®.). 

0*5470 

765-9 

1*4825 756*1 

284*0 

60 

130-4 

40-662 

0-5397 

767 3 

1-4825 757-5 

284 0 

60 

130-0 

40-Ug 











Mean vapour pressure 

at 130-2°.. 


40*40 

0*6016 

770-6 

1*00 760*1 

284'2 

45 

139*9 

64*181 

0-5988 

770-4 

1*00 760*? 

284*3 

45 

1401 

63-936 







- ■ ^ 



Mean vapour pressure 

at 140° . 


64-06 

0*4738 

769-9 

0-500 759-8 

284-5 

45 

150-2 

96*521 

0*4748 

769-6 

0-500 759-3 

284-8 

45 

150*2 

96 814 

. • 4 • • 


Mean vapour pressure 

at 150-2°. 


96*66 

0*6910 

768*4 

0-500 757 9 

285 1 

30 

159*2 

133*31 

0-6560 

767*7 

0*500 757*2 

285-1 

30 

158*4 

127*20 


These results are compared below with those obtained by the 
barometric method : 


Temperature. Air current (mm.)* 
78-0° 230 

95*2 6*67 

110*5 15*70 

1302 40-4 

150*2 95*6 

158*4 127*2 


Temperature. 

Barometric (mm.}, 

77-9° 

2T6 

96*8 

6-55 

110*0 

15 00 

181*0 

40-92 

1560 

115*16 


As in the case of camphor the results agree closely 
Ramsay and Young have shown that the ratio of the boiling 
points expressed as absolute temperatures of closely related liquids 
is constant. As the two solids investigated are also very closely 
related, the ratios of the absolute temperatures corresponding ntl 
equal vapour pressures have been calculated : 


Pressure (mm.). TV 

10 860*3 

20 373*5 

30 381 *8 

40 388*3 

50 393*3 

00 398*0 

70 401*3 

80 405’9 

90 409 0 

100 411*8 

110 415‘3 


T b . 

T B jT e . 

376-0 

1*043 

388*4 

i*040 

396 4 

1*038 

403 0 

1 -038 

407-8 

1-037 

411-6 

1*034 

41 5 0 

1*034 

418*0 

1*030 

421*2 

1*030 

423*7 

1*029 

426*3 

1*026 


The constancy of the ratios is evident. 


The Vapour Pressures of Solid Solutions. 

One of the chief difficulties of previous investigators has 
to obtain solid solutions having vapour pressures large enoug 
be accurately measured. The only work of imjKirtance is tt. t 
Speransky (Zeitseh. physical. Chem., 1903, 46, 70; 1905, , 
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w ho measured the vapour pressures of solid solutions of p-dichloro- 
Ijenzene and p-dibromobenzene, and jHihlorobromobenzene and 
^dibromobenzene. He concluded that “the regular laws which 
bold for liquid solutions also hold for solid solutions/’ 

The Vapour Pressures of Solid Solutions by the Air-Current 
Method. 


The equation given on page 433 for calculating the vapour 
■easure of camphor, when applied to solid solutions, becomes: 

i», !(**»+ «w) f - 


V + W C V C + WjjVb 


where 

P g = vapour pressure of solid solution. 

p e and pb ~ partial pressures of camphor and borneol. 

K 7 e ,, Wb — weights in grams of camphor and borneol in the total 
weight (IT) drawn off ; 
also 

w c + w b =W (2). 

Equations (1) and (2) contain three unknowns, namely, w c , 
and P s , hence it seems impossible to determine the vapour pressure 
of a solid solution, in which both constituents have appreciable 
vapour pressures, by tbe air-current method alone. If, however, 
P s can be obtained by the barometric method, w c and can be 
calculated, and p c and p b) tbe partial pressures of the constituents 
obtained. 

Solving for w e in this way, we get : 

Wc = VP, - Wv h (P - P,)l(v c - v b )(P - P,y 

It is obvious that this involves the difference between the specific 
volumes v e and v bt so that the method can only be applied to cases 
in which these differ fairly widely. 

For camphor and borneol v e — 0*1473 and v b = 0*1454, hence the 
method is of no use in the present case; we may, however, write 
p c =i>& in equation (1), which then becomes: 

p _ Wv e P 
9 V+ WvJ 

thus the total vapour pressure of a solid solution can be obtained 
approximately by the air-current method. The error involved ia 
about 1*2 per cent. 

A series of experiments was carried out at 110°, The difficulties 
^ere now very much greater, as change in concentration had to be 
avoided as far as possible. 

The temperature of 110° was chosen for two reasons: (1) The 
^igbt of substance drawn off by aspirating a litre of air through 

G G 2 
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the spiral was small, and hence the change in concentration 0 f th t 
solution would be small; t (2) the vapour pressure at that ten. 
perature was large enough to be accurately measured by the 
barometric method, that for camphor being 33 mm. and for borneol 

15 mm. . 

The solutions were made by fusing the accurately weighed quae, 
tities of camphor and borneol in sealed tubes. These were then 
broken, the mass removed, cut up in small pieces, dried over 
sulphuric acid, and introduced into the dry spiral. The spiral was 
placed in the thermostat, and a few c.c. of air drawn through; the 
stopcock near the condensing bulb was then turned off, the other 
end of the spiral closed by means of a small india-rubber stopper, 
the spiral removed, cleaned, and weighed. It was then again 
placed in the thermostat, and a known volume of air drawn through, 
again closed, cleaned, and weighed. It was necessary to clean out 
the spiral after each experiment, and refill with a fresh quantity 
of solution. 

The following results were obtained : 


Mols. of 
borneol 
per 

100 of 
mixture. 

10 1 

w. 

0-2632 

02642 

0'2645 

P . 

769-8 

750-6 

762-4 

P- 

765*5 

737-5 

749-0 

V. 

100 

1-00 

1-00 

T. 

288-8° 

288-5 

288-9 

Time 

(mins.). 

75 

75 

75 

f. 

110-P 

HOT 

lio-i 

f, (mm.) 
30-5-2 
30-62 
30*12 

20 j 

0-2404 

0-2406 

771*1 

770-7 

758’5 

757*7 

1-00 

1-00 

287'9 

288*3 

90 

75 

HOT 

HOT 

27-81 

27-90 

30 

0-2332 

0-2345 

754’2 

755-8 

740-9 

742-4 

1-00 

1-00 

288*8 
288 9 

80 

80 

110-0 

uo-o 

27*10 

27-25 

40 

0*2144 
v 0-2154 

747*1 

760*9 

734*7 

747-2 

1-00 

1-00 

287-6 

289-2 

90 

110 

lio-l 

lio-i 

25-21 

24 '80 

50 

f 0-2054 
\ 0-2045 

753- 7 

754- 8 

740*7 

740-0 

1-00 

1*00 

289*2 

289*3 

110 

75 

HOT 

1100 

24-00 

23-96 

00 

f 0-2642 
\ 0*2642 

763-5 

763-5 

750-3 

750-0 

1*4825 

1-4825 

288-6 

289*0 

100 

150 

lio-i 

HOT 

20-67 

20-88 

70 

/ 0*2510 
\ 0-2510 

764'3 

764*8 

750-4 

750-7 

1-4825 

1-4825 

294'4 

289*7 

100 

105 

no-o 

uo-o 

19-93 

19-94 

80 

/ 0 2280 
\ 0 2284 

765-3 

765*1 

751*9 

750-5 

1-4825 

1-4825 

290-0 

290-2 

100 

100 

HOT 

HOT 

ISM 

1817 

90 

] 0-2244 

1 0 2232 

764*3 

763*8 

749*7 

749-1 

1-4825 

1-4825 

290*2 

290-3 

90 

100 

HOT 

HOT 

17-90 
17 '31 

100 

( 0*2662 
\ 0*2682 

758-7. 

758-7 

744-1 

744T 

1-00 

100 

290-2 

290-2 

90 

100 

uo-o 

uo-o 

15-00 

1610 
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MISCIBLE SOLIDS AND THEIR- SOLID SOLUTIONS. 


Attempt were made to confirm these results by the barometric 
thod >phe difficulties were now even greater, and the results 
Tn only be regarded as approximate. 

Jo remove air and moisture, to prevent any change in con- 
nfcration by having a large quantity of substance present, and 
not so much as might obscure the mercury meniscus, was indeed 
extremely difficult. The experimental tube was now provided with 
three-way tap in place of the ordinary stopcock previously used. 
The junction of the tube nearest the capillary was well ground 
on the inside. This enabled the tube to be closed by a ground- 
fflass stopper, sealed to a long glass rod, which passed down the 
tube beneath the mercury in the trough, being bent at its lower 
end so that it could be moved from the outside. One branch of 
the three-way tap communicated with the air pump, the other with 


a small reservoir of mercury. 

The plan was to cause the substance to sublime quite near the 
top of the tube, keeping the pump at work, then to run in mercury 
on the top of the ground joint closed by the stopper, and so 
effectively close the tube. 

Experiments with solutions containing 20, 40, 60, and 80 mole- 
cules of borneol per 100 molecules of mixture were made. For the 
experiments with the 20 per cent, solution, a three-way tap and a 
capillary tube alone were used, mercury being run into the capillary 
tube. There was some loss by sublimation into the portion outside 
the vapour jacket, whilst it is certain that air and moisture were 


removed. 

Experiments were made with the same solution at five tem- 
peratures, as in the case of the pure substances. 

The apparatus had to be taken down and the tube cleaned out 
before proceeding to make observations with a solution of different 
concentration, and often for the same solution as the quantity of 
substance necessary at the high temperatures obscured the mercury 
meniscus at the lower temperatures. 


Vapour Pressures of Solid Solutions of Camphor and Borneol. 
Barometric Method. 


Molecules of horneol per 100 of mixture — 20. 


Temperature. 

Number of readings. 

Vapour pressure 

78-6° 

5 

6 '10 mm. 

97-0 

4 

15*90 „ 

97-4 

6 

16-04 „ 

11Q'6 

15 

28T3 „ 

131-6 

4 

66-90 „ 

131-8 

6 

67-50 „ 

156-2 

6 

159 40 „ 
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Molecular Concentration =40 per cent, borntol . 


Temperature, 

Number of readings. 

Vapour pressure. 

78*4° 

5 

5*54 am, 

97-2 

5 

13*27 „ 

110*0 

5 

25*60 „ 

131*0 

5 

63*70 „ 

156*4 

5 

150 '5 „ 

Molecular Concentration — 60 per 

cent, borneol. 

Temperature. 

•Number of readings. 

Vapour pressure. 

78*5° 

7 

4 *83 mm. 

97 T 

6 

11*40 „ 

110*2 

5 

23*05 „ 

131*2 

5 

60*58 „ 

156*0 

7 

140*00 „ 


Molecular Concentration ~S0 per cent, borneol. 


Temperature. 

Number of readings. 

Vapour pressure. 

78*6° 

6 

3 ‘56 mm. 

96*8 

4 

8*80 „ 

97 1 

5 

9*10 „ 

110*6 

4 

19*70 „ 

110*8 

4 

20*00 „ 

131*8 

4 

56*40 „ 

156*2 

10 

130*20 „ 


These results, as- well as those for camphor and borneol, have "been 
plotted on a temperature-pressure diagram (Fig. 2) ; it is seen that 
the curves for the solutions lie between those for the pure sub- 
stances. The vapour pressures obtained by both methods are 
compared In the following table : 


Barometric Air current 

Concentration. Temperature. (mm.). Temperature, (mm.). 

20 mols. borneol 110*6° 28*1 110*1° 27*8 

40 ti „ 110*0 25*6 110*1 25*0 

60 „ . „ 110*2 23-0 110*8 t 20*8 

80 110*6 19*7 110T 18*2 


The deviations are in the direction expected, since the errors arc 
entirely due to change in concentration. For those solutions 
relatively richer in camphor, the barometric method would give, 
owing to loss of the more volatile component, results which would 
he too low, and conversely for solutions relatively richer in borneol. 
The agreement is as close as can be expected, considering the 
extreme difficulty of determining the vapour pressure of a solid 
solution by the barometric method. 

Isothermals are shown in Fig. 3. The results given at 110° are 
those obtained by the air-current method ; for other temperatures, 
the barometric results are given. It is seen that the isothen^ 
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are straight lines. This leads. to the important conclusion “that 
the vapour pressure of a solid solution is a linear function of the 
molecular concentration, and can be calculated from the equation- 
„ nP B + (m-n)P e 
' 100 ’ ' 

whero n - number of mols. of borneol per 100 mols. of mixture. 
The calculated and observed results are given in the following 


Vapour Prcssuvc of Solid Solutions at 110°. 


Concentration. 

Calculated. 

Observed 

{air-current method). 

10 

80 ‘3 mm. 

30*4 mm. 

20 

28-6 „ 

27*8 „ 

30 

26-9 „ 

27-1 „ 

40 

25*2 „ 

25 0 „ 

50 

23’5 „ 

24*0 „ 

60 

21*8 ,, 

20*9 „ 

70 

20*1 „ 

19*9 „ 

80 

18-4 „ 

18*2 ,, 

90 

16*7 „ 

17*9 „ 


Speransky (ibid.), for solid solutions of p-ehlorobromobenzene and 
p-dibromobenzene, obtained fairly good agreement between calcu- 
lated and observed vapour pressures. The pressures were measured 
in mm. of paraffin oil in a differential tensimeter. \oung (Trans,, 
1902, 81, 768) has shown that the equation given above holds for 
mixtures of liquids which are chemically closely related, hence the 
present work is strong evidence in support of the van t Hoff theory 
of solid solutions, that they follow the same laws as liquid solutions. 
It is seen also from the curves in Pig. 2 that the vapour pressures 
of solid solutions of camphor and borneol are always greater than 
the vapour pressure of borneol. Precisely the same may he said 
of the freezing points, hence, when the substance of lower freezing 
point and vapour pressure is considered, the addition of a substance 
with which it forms solid solutions produces a change in these 
properties opposite to that expected, and directly contrary to that 
which usually occurs with solutions which obey Raoult’s law. It 
seems therefore futile to apply such laws to determine the molecular 
weight of solids. 

Summary and Conclusion. 


1 The vapour pressures of camphor and borneol have bee® 
determined for temperatures from 78° to 156° The . «■* ' 

obtained for camphor are generally lower than those of o 
investigators. The vapour pressure of borneol has not been p 

viously determined. . •y, 

2. The ratio of the absolute temperatures corresponding 
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;qual vapour pressures is f constant, thus Ramsay and Young’s rule 
for closely related liquids also holds for closely related solids. 

3. The air-current method of determining vapour pressures has 
been extensively used, and it has been shown that the results 
obtained agree; closely with those obtained by the barometric 

method. 

4. The vapour pressures of a complete series of solid solutions 
have been determined. It has been shown that the vapour 
pressures of solid solutions, like other physical properties, follow 

ordinary mixture law : 

„ _ n P.i + (100 - n)p B 
v * 100 

where w=number of mols. of A per 100 of mixture. 

5. Approximate results for solid solutions have been obtained 

by the barometric method, more accurate results by the air-current 
method. * 

. 6. A method of determining the partial pressures of solutions 
by combining the data obtained from barometric and air-current 
methods has been indicated. 

7. Since the vapour pressures of solid solutions of camphor and 
borneol follow the mixture law, it is highly probable that the 
molecular weights of the solid components are normal. 

8. The agreement between the results obtained by the two 
methods leads to the conclusion that the densities of the vapours of 
camphor and borneol at the temperatures employed are normal. 

In conclusion, I wish to express my thanks to the Principal of 
University College, Cardiff, and the staff of the chemical depart- 
ment, for the interest taken in the work and the facilities afforded 
me. I am especially grateful to Dr. E. P. Perman for suggesting 
the work, and for his advice and assistance in carrying it out. 
The expenses of the work have been defrayed by grants from the 
Glamorgan County Council and the College Council, to whom also 
I wish to express my thanks. 

University College, 

London, W.C. 
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XL VIII.— Salts and Fathers of 2:3: 5-Tnnitro-i-, m yl. 
a/minophenol. 

By Raphael Meldola, F.R.S., and Harold Kuntzen. 

The marked acid character of the above compound, which was first 
described by one of the authors in 1906 (Trans., 89, 1935), is shown 
%y the readiness with which it forms metallic and organic salts. 
%t the same time, the extreme mobility of one of the nitro-groiipj 
tends to bring about decomposition of the salts, especially in 
presence of excess of base. With organic bases of the nature of 
primary amines, the trinitro-compound, as stated in former papers, 
readily forms salts, but these pass rapidly into catenation products 
and finally into iminazoles, so that the intermediate product! 
generally consists of a mixture of the salts of the trinitro compound! 
with those of the catenation product, or of the iminazole, or of 
both. With respect to metallic salts, it was pointed out in a recent 
communication (Trans., 1909, 95, 1381) that these could be safely 
prepared by the interaction of the trinitro-compound and salts of 
metals with weak acids. This principle has now been successfully 
applied for the preparation of a number of metallic and organic 
salts from the acetates, carbonates, etc., of the respective metals or 
alkaloids. Details of the mode of preparation of the various salts 
are given in the experimental part of this paper, the series described 
comprising those which are sufficiently insoluble in water to 
crystallise from the hot concentrated solution on cooling. This 
series is, however, quite typical, and the research has not been 
extended to those more soluble salts (lithium, calcium, etc.) which 
could not be directly isolated in the manner described, but which 
could no doubt be obtained if wanted by the evaporation of their 
solutions in a vacuum at the ordinary temperature. 

General Characters of the Salts. 

The metallic salts of trinitroacetylaminophenol are all highly 
coloured, red substances, the parent compound being pale yellow. 
It is for this, among other reasons, that these salts have been con- 
sidered of sufficient interest to form the subject of a special study 
in view of the large amount of work which has of late years been 
bestowed upon the subject of colour in relation to chemical con- 
stitution. It has already been pointed out that the trim 
compound is capable of a double "iso nitre-” isomerism (Trans, 
* The lead salt alone approaches the free tiinitro-cortpowid in colour* 
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' &*&>.■ ■ 

1908 , 93, ^ fctot a^charigQ - m "coiistitjitioii in passing , from 
the free compound to the salt might reasonably be postulated. As 
satisfactory evidence of such change was most likely to be furnished 
by a study of the absorption spectra, and as Dr. J. T. Hewitt has 
recently been dealing with this subject (Trans., 1909, 95 , 1755), 
he has, at our request, been good enough to photograph the absorp- 
tion spectra of the free compound and its salts, and his observations 
are appended to the present paper. As will be seen from these 
results, there, is justification for the belief that in forming a salt 
the isonitro-constitution is acquired, and he has further obtained 
evidence of tho transitory existence of a disodium salt in presence; 
of excess of alkali. In connexion with these results, it is of interes| 
to note that the methyl ether described in this paper ( 2 : 3 : 5 -tri- 
nitro 4 'acetylaminoanisole) is, to the eye, a colourless substance, 
.and therefore may be presumed to have the same constitution as 
^the free trinitio-compound. . ^ 

All the metallic salts of trinitroacetylaminophenol now made 
known are very soluble in water. They are beautifully crystalline, 
and contain water of crystallisation which in most cases cannot be 
expelled at 100 °, and at higher temperatures decomposition takes 
' place. They all deflagrate on heating in the dry state, but not 
explosively, the only exception being the cobalt salt, which 
deflagrates more sharply than any of the others. 

In forming salts with natural alkaloids, the trinitro-compound 
shows marked preferential characters. With brucine and guanidine 
very stable insoluble salts separate at once on mixing solutions 
of the trinitro-compound and the base, or by the action of the 
trinitro-compound on the acetate of the base. Narcotine forms a 
less stable salt, whilst carbamide, theobromine, quinine, strychnine, 
cinchonine, and morphine do not give readily isolable salts. 
Caffeine forms a salt which is interesting as being dissociable in 
alcoholic solution. If equimolecular weights of the base and the 
trinitro-compound are dissolved in a small quantity of boiling 
alcohol, the solution, on cooling, deposits at first crystals of 
caffeine, and subsequently a mixture of caffeine and the caffeine 
salt, the latter crystallising in yellow, nodular aggregates. Further 
crystallisation of the mixed crystals leads to the same result, even 
when excess of trinitro-compound is intentionally added, so that 
the pure caffeine salt could not be isolated. In alcoholic solution 
there appears to be an equilibrium mixture, varying in composition 
with temperature and concentration, of free caffeine, free trinitro- 
compound, and caffeine salt. 
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Attempt to Prepare an Optically Active Compound Containing an 
Asymmetric Tervalent Nitrogen Atom. 

The main object in studying the salts formed by the trinitro- 
compound with natural alkaloids was to test a somewhat plausible 
hypothesis which had suggested itself with respect to the possible 
asymmetry of the nitrogen atom in the trimtr Decompound itself. 
From the formula of this compound, 

COLO C g H(N0 s ) 3 *0H-NH-C 2 H 3 0 

v 

N 

i 

H 

it will be seen that the nitrogen atom is combined with two acid 
radicles (acetyl and the substituted trinitro-phenol residue) and 
one positive atom (hydrogen). In most of the attempts that have 
hitherto been made to resolve tervalent nitrogen compounds, the 
nitTOgen atom has been combined with positive radicles, and the 
molecule as a whole has been basic in character* . The negative 
results have in these cases been attributed to racenusation due to 
hydrolytic dissociation of. the salt ox to the temporary assumption 

compound under Vcotsl ‘Cue \at\w 

objection, as It is strongly acid in character, and does not form 
salts with acids. On the other hand, disregarding for the present 
the possibility of hydrolytic dissociation, if there is any weight 
attaching to the hypothesis of mutual attractions and repulsions 
between the Tadicles in a molecule, it might be considered that 
three positive radicles attached to a nitrogen atom would by 
mutual repulsion favour the configuration sometimes assigned to 
such compounds (No. I), the “ bonds ” being in one plane: 


a 



(I.) (HO 

When two strongly acid radicles and one positive atom are present 
it seemed, on this view, that every chance for displacement of tie 
<f bonds " would be given, and the asymmetric configuration (No, II) 
assumed. At any rate, the hypothesis seemed sufficiently plausible 
to be worth submitting to the test of experiment. The result, as 

* By way of exception to this general statement, the attempt by Jones and 
Millington to resolve methylethylanilmesulphonic acid may be referred to [Pm 
Comb. Phil Soc., 1904, 12, 489). In this case, also, the result was negative. 
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ju former cases, was, however, negative.’1|A specimen of the brucine 
salt was prepared by precipitating the trinitr c-compound in alcoholic 
solution with a semi-molecular proportion of the base. The trinitro- 
compound recovered from the filtrate and from the salt by decom- 
position by acid was examined for us by Dr. T. Martin Lowry, but 
in neither specimen was there any trace of optical activity. 
Dr. Lowry reports that he made his observations with the acetone 
solution of the compound (4 grams per 100 c.c. in 2-dcm. tubes) 
by means of red (lithium) light. We desire to take this oppor- 
tunity of expressing our thanks to Dr. Lowry for the assistance 
thus rendered. 

Although the result is in this case negative, we propose continuing 
the investigation, as there still remains the possibility that the 
asymmetry may exist only while the trinitro-compound and the 
base are in combination * To test this point, it will he necessary 
to prepare some salt more soluble than the brucine salt, and to 
compare its optical activity in some non-hydrolysing solvent with 
that of the base with which the trinitro-compound is combined. 

Experimental 

Ammonium Salt, C 8 H 6 0 8 N i *NH 3 . 

‘taBgMSib, \PJ m & hot con- 

centrated solution of ammonium acetate and allowing to crystallise. 
Bright red, spherical aggregates of slender needles. The salt is 
anhydrous, and undergoes decomposition at about 203° when heated 
in a capillary tube : 

0 0434 gave B'6 c.c. N z (moist) at 12° and 76P3. N =23-56. 

C 8 H 9 0 8 N 5 requires N — 23*10 per cent. 

Sodium Salt , C 8 H 5 0 8 N 4 Na,3H 2 0. 

Prepared by dissolving the trinitro-compound in a hot con- 
centrated solution of sodium carbonate. The salt separates slowly 
on cooling in long, transparent, ruby-red prisms. Professor W. J, 
Pope, who has been good enough to examine these crystals for us, 
reports that they " probably belong to the anorthic system. The 
acute bisectrix of a large axial angle emerges through the small 
end faces; the optic axial dispersion is marked, and the angle for 
blue is larger than that for red light ” : 

0-1336 gave 17 55 c.c, N 2 (moist) at 12*2° and 747 inm. N=15’31. 
0-1132 „ 0*0220 Na^S0 4 . Na=6’31. 

C 8 H s 0 8 N 4 Na,3H 2 0 requires N = 15*47; Na=6*36 per cent. 

m As bearing on this point, see a paper by Pope and Harvey (Trans., 1901, 79, 
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On heating in the watejpen, the salfcJeComes opaque and brick- 
red in colour, and loses weight owing to dehydration and (possibly) 
partial decomposition, the loss of weight being somewhat in excess 
’of that required by the 3H 2 0 indicated by the above analyses : 

0*5486, heated in the water-oven, lost 0*0930 = 16*95 per cent. 

0*0506 (dried as above) gave 7*75 c.c. N 2 (moist) at 12° and 
760*1 mm. N = 18*01. 

0*1036 (dried as above) gave 0*0238 Na 2 S0 4 . Na=7*45. 

C 8 H 5 0 8 N 4 Na requires N=18*19; Na=7*48 per cent, A loss 
° of 3H 2 0 requires 14*9, and of 3|H 2 0 17*43 per cent. 

Potassium Salt , C 8 H s 0 8 N 4 K. 

This salt has already been described (Trans., 1909, 95, 1381). 
To the former description we are now enabled to add that an 
anhydrous salt is formed on long exposure to the air at the ordinary 
temperature : 

0*0678 gave 10*2 c.c. N 2 (moist) at 17° and 755*5 mm. N=17*31. 

0*0928 „ 0*0244 K 2 Sp 4 . K=ll*81. 

C 8 HAN 4 K requires N — 17*28; K = 12*07 per cent. 

Barium Salt , (C 8 Hr,0 8 N 4 ) 2 Ba,3H 2 0. 

This salt was prepared by two methods, first by dissolving the 
trinjtro-compound in a hot solution of barium acetate, and 
secondly, by boiling the trinitro-compound with barium carbonate 
and water and filtering from excess of barium carbonate. In both 4 
cases the solution deposits the salt on cooling as flat needles of a 
deep red colour and having a slight metallic reflex in the mother 
liquor when viewed at an angle. The analyses of the specimens 
prepared by the barium acetate method were somewhat irregular, 
and indicate that a more definite salt is given by the other method : 

0*0550 gave 7*15 c.c. N 2 (moist) at 19° and 758*5 mm. N = 14*9. 

0*1099 1^*9 c.c. N 2 (moist) at 11*5° and 754*1 mm. N= 14*92. 

0*0770 „ 0*0238 BaS0 4 . Ba= 18*19. 

C 16 H 10 Oj 6 N 8 Ba,3H 2 O requires N= 14*71; Ba = 18*0 per cent. 

The salt does not lose weight on drying at 100°, 

Magnesium Salt, (C 8 H 5 0 8 N 4 ) 2 Mg,6H 2 0. 

Prepared as above from the trinitro-compound and magnesium 
acetate. Bright red prisms. The specimen analysed was twice 
crystallised from water : 

0*1292 gave 17*85 c.c. N 2 (moist) at 18*5° and 753*4 mm. 
N = 15*78. 
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C 16 H l0 O,eN 8 Mg,& 2 O requires N=i5%; Mg =3*03 per cent. 

The salt does not lose water at 100°. ‘ ' ? ■ 

Zinc Salt, (C 8 H 5 O 8 N 4 ) 2 Zn,6H 2 0. 

prepared as above from the trinitro-compound and zinc acetate*. 
Bright red prisms, resembling the magnesium salt : 

0*1633 gave 21*1 c.c. N 2 (moist) at 18° and 760 mm. N = 14 92. 

0*3240 „ 0 0352 ZnO. Zn=8*73. 

Cj6Eio0 lc N 8 Zn,6H 2 0 requires N = 15*05; Zn^8*8 per cent. 

The salt does not lose weight at 100°. 

Cadmium Salt , (C 8 H 5 0 8 N 4 ) 2 Cd,6H 2 0. 

Prepared by boiling the trinitro-compound with water ana 
cadmium carbonate, filtering from excess of carbonate, and allowing 
to cool, when the salt crystallises out in red scales : 

01422 gave 16*9 c.c. N 2 (moist) at 13° and 765*3 mm. N = 14*15. 

0 1602 „ 0*0262 CdO. Cd = U*32. 

C JG H 10 O 16 N 8 Cd,6H 2 O requires N = 14*17; Cd = 14*22 per cent. 

The salt darkens in colour and shows signs of fusion and decom- 
position when heated in the water-oven. 

Nickel Salt , (C 8 H 5 0 8 N 4 ) 2 Ni,4H 2 0. 

Prepared as above from the trinitro-compound and nickel 
larbonate. The salt separates as dark brick-red prisms : 

0'160 gave 22*3 c.c. N 2 (moist) at 14° and 745*8 mm. N= 16*08. 

0*2460 „ 0*0260 NiO. Ni=8*31. 

C 16 Hi 0 O w N 8 Ni,4H 2 O requires N = 15*99; Ni=8*37 per cent. 

The salt undergoes no change at 100°. It deflagrates somewhat 
sharply when heated in the dry state. 

Cobalt Salt, (C 8 H 5 0 8 N 4 ) 2 Co } 6H 2 0. 

Prepared as above from the trinitro-compound and cobalt 
carbonate. Crystallises in bright red prisms : 

0*1899 gave 24*2 N 2 (moist) at 11° and 764*3 mm. N = 15*24. 

0-1714 „ 0*0135 Co. Co = 7*88 per cent. 

8 Co,6H 2 0 requires N = 15*2; Co=8*l per cent. 

This salt diSers from the nickel salt, not only in the quantity of 
ffater of crystallisation with which it combines, but also in the 
readiness with which it parts with this water. When heated in 
the water-oven, the salt becomes of a dark brick-red colour, and 
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loses practically all its water. The anhydrous ^ salt" J becomes 
hydrated, and changes to a bright red colour on moistening with 
water : 

0*5032, dried in water*oven, lost 0'071. 1020 = 14*11. 
C 16 H 10 O 16 N 8 Co, 6H 2 O requires H 2 0 = 14*66 per cent. 

0*0529 (dried as above) gave 7*85 c.c. N 2 (moist) at 9° and 
749*6 mm. N — 17*6. 

0*0446 (dried as above) gave 0*0042 Co. Co =9*44. 

C 1G H )0 O lc N 8 Co requires N = 17*82; Co = 9*38 per cent. 

This salt, on heating, deflagrates more sharply than the nick^ 
salt. 

Manganese Salt , (C 8 H 5 OgN 4 ) 2 Mn,4H20. 

Prepared as before from the trinitro-compound and manganese 
carbonate. Dull red, rhombohedral prisms : 

0*2152 gave 29*2 c.c. N 2 (moist) at 12*3° and 749*9 mm. N =15*9. 
0*1266 „ 0*0132 Mn 3 0 4 . Mn=7*51. 

Ci 6 H 10 O lfl N 8 Mn,4H 2 O requires N = 16*08; Mn=7*89 per cent. 
The salt darkens and shows signs of fusion and decomposition 
when heated in the water-oven. 


Copper Salt , (C 8 H 5 0 8 N 4 )2Cu,4H 2 0. 

Prepared from the trinitro-compound and copper carbonate as 
before. Dull brick-red, transparent, rhombohedral prisms : 

0*1273 gave 17*1 c.c. N 2 (moist) at 12° and 745*1 mm. N= 15*63. 
0*1709 „ 0*0190 CuO. Cu=8*89. 

C ]G H 10 O 16 N 8 Cu,4H 2 O requires N =15*88; Cu = 9*0 per cent. 

The salt becomes light brown and opaque on heating in the 
water-oven, and partly loses its water. Complete dehydration could 
not be effected without decomposition : 

0*5247 lost 0*0528. H 2 0= 10*06. 

C ]fj H 10 O 16 N 8 Cu,4H 2 O requires H 2 0 = 12 per cent. 

The salt thus dried gave the following results on analysis: 
0*0874 gave 13*1 c.c. N 2 (moist) at 12° and 755 mm. N = lf68. 
0*0844 „ 0*0104 CuO. Cu=9*84. 

C lfi H 10 O 16 N 8 Cu requires N = 17*69; Cu = 10*03 per cent. 

Lead Salt, (C 8 H 5 0 8 N 4 ) 2 Pb,3H 2 0. 

Prepared from lead carbonate and the trinitro-compound as 
above. Flat, orange needles : 




Thallium Salt , C 8 H 5 O g N 4 Tl. 


j’rom the trinitro-compound and thallium carbonate by the sain* 
oethod. Brick-red, fern-like leaflets : * ? ,4$j 

0*0779 gave 7*6 c.c. N 2 (moist) at 7*7° and 741*4 mm. N=11’68S! 
|o- 1577 „ 0*0770. T1C1. Ti=41*60. 

C 8 H 5 0 8 N 4 T1 requires ]SP= 11*46 ; Tl=41*72 per cent. 

^' The salt undergoes no change at 100°. 


; Silver Salt, C 8 H 5 0 3 N 4 Ag,3H 2 0. 

The salt was prepared from the trinitro-compound and silve|^ 
arbonate by the method described above. It generally crystallise#-; 
in red prisms, but sometimes separates as orange-red scales. The^ 
analysis of the salt offered considerable difficulty, as the free trinitro- 
tompound appears to interfere with the precipitation of the silver 
chloride. Good results were only obtained when the organic matter 
was destroyed by heating the salt in a sealed tube with fuming 
nitric acid for three hours at 190°. Tho water could not be com- 
pletely expelled by heating in the water-oven; at this temperature 
the salt darkens, and, on long heating, shows signs of decomposition. 
About 102° the salt deflagrates : 

■ 0-0622 (air dried) gave 6*8 c.c. N 2 (moist) at 14° and 744*2 mm. 

N = 12*59. 

0*2996 (air dried) gave 31 c.c. N 2 (moist) at 12° and 768 mm. 

; N = 12*38. 

0*2570 gave 0*0820 AgCl. Ag = 24*02. 

C 8 H 5 0 8 N 4 Ag,3H 2 0 requires N = 12*53; Ag=24’14 per cent, 

A specimen dried in the water-oven gave the following results : 
0*0682 gave 8*2 c.c. N 2 (moist) at 14° and 730*5 mm. N = 13*58. 
0*0564 „ 0-0201 AgCl. Ag = 26*82. 

' C 8 H 6 0 6 N 4 Ag requires N = 14*26; Ag = 27*46 per cent. 

The salt is not only readily soluble in water, but also in methyl 
hd ethyl alcohols, and by its means the methyl ether has "been 
irepared, and is described in the present paper. 


Brucine Salt , C 8 H 6 0 8 N 4 ,C23H 26 0 4 N 2 . 

,This salt was prepared by adding to a hot saturated solution of 
% alkaloid in absolute alcohol an equimolecular proportion of the 
VOL. XCVIL H H 
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trinitro-compo^nd^ dissolved ; 'Jp 

obtained by Solving W'^t<A\%ueou 9 

solution of brucine acetate and allowing to cool. In both cases the 
same salt is obtained. It is practically insoluble in alcohol, so that 
the trinitro-compound might be used as a precipitant for the base. 
It can be best purified by dissolving in hot glacial acetic acid', 
which does not appear to decompose the salt, diluting the solution 
w;th water, and allowing to crystallise. It separates, on cooling, 
iiL rosettes of deep reddish-brown needles, which appear ruby-red by 
transmitted light. The salt melts with decomposition at 222—224° : 

: 0*2180 gave 0*4366 C0 2 and Q‘0906 H 2 0. 0=54*62; 11=4*89. 
0*1322 „ 0*2648 C0 2 „ 0*0572 H 2 0. C = 54*62 ; H =4*80. 

0*1268 „ 13*7 c.c. N 2 (moist) at 21° and 757*5 mm. N= 12*26. 

C 81 H£0 12 N 8 requires C = 54*68; H=4*74; N= 12*36 per cent. 

In connexion with this salt it is of interest to note that brucine 
also forms a very insoluble picrate. 


Guanidine Salt , CgHgOgN^CH^Ng. 

This salt was prepared by dissolving guanidine carbonate in 
dilute acetic acid and saturating the hot solution with the trinitro- 
compound, the latter being added in small portions m the solid 
state. The salt crystallises out on cooling in dark brown needles, 
appearing ruby-red by transmitted light, and having a bronzy lustre 
when seen by reflected light. Purification was effected by 
crystallisation from hot water, in which the salt dissolves with 
an orange colour : 

0-1781 gave 44'55 c.c. N 2 (moist) at 20'5° and 754-1 mm. N=28'32. 

0-2170 0'2502 CO. and 0’0650 HjO. C=31'44; H-332. 

C 9 H u 0 8 N 7 requires C=31'29; H = 3'21; N=28 41 per cent. 

The salt is quite stable; the melting point is 227“ and no loss 
of weight takes place at 100°. 


Narcotine Salt, C 8 H 6 O 8 N 4> C 22 H230 7 N. 

This salt was prepared from the trinitro-compound and the acetate 
of the base, or by mixing alcoholic solutions of the components in 
the usual way. Some difficulty was experienced in obtammg a pure 
product owing to the tendency of the salt to dissocia e 
crystallised from alcohol. The most satisfactory results on analyse 
were given by specimens crystallised from alcohol in t e presen 
a slight excess of the base: ^ a ^ 



N = 10*30. 

rec^uirie^ 0=3 61*43 ; E=s410; N *10*02 per cent. > 

The salt crystallises in flat, yellow needles, melting at 193—19,4?^ 

Caffeine Salt , C 8 H 6 O 8 N 4 ,C 8 H 10 O 2 N 4 . 

Although, for reasons stated in the introductory portion of this/’ 
paper, the pure salt could not he isolated, the analytical results 
all pointed to the above formula. The salt, freed as far as possible.-. - 
from admixed caffeine, crystallises in rosettes of yellow needles, 
melting at about 177°. • 

Ur. /. T. Hewitt’ & Observations on the Absorption Spectrum of 
Trinitroacetylaimnophenol and its Salts. 

The pale yellow trinitro-compound dissolves both in water and 
96 per cent, alcohol, with an intense yellow colour, inclining 
orange. Whilst this orange shade is deepened by the addition of*’ 
dilute sodium hydroxide or sodium acetate, the colour in the latter 
case soon reaching a maximum, hydrogen chloride has an opposite 
effect, comparatively small quantities causing the solution to assume 
a pale yellow tint comparable with that of the solid compound. This 
result is quite in accordance with the fact that trinitroacetylamino* 
phenol is a fairly strong acid, and necessitates the addition of a 
highly ionised acid, such as hydrogen chloride, to the alcoholic 
solution if the spectrum of the non ionised nitrophenol is to be 
observed (compare Buttle and Hewitt, Trans., 1909, 95, 1755, 

«£ stq.y In these circumstances the principal feature of the 
absorption spectrum was a band having its head at an oscillation 
.frequency of about 2800, and not differing very markedly in this 
.lespect or in its persistency from that observed by Hartley and 
Huntington in the case of o-nitrophenol (see the curves plotted on a 
logarithmic scale by Baly, Edwards, and Stewart, Trans., 1906 
89, 519). 

When an alcoholic solution to which a dilute alcoholic solution 
of sodium acetate has been added until no further intensification 
of the orange shade is noticeable (solution of the monosodium salt), 
a spectrum is obtained which in one respect shows a marked 
similarity to that observed by Baly and his co-workers (loc. cit.) in 
toe case of the sodium salt of o-nitrophenol, and by Buttle and 
Hewitt (loc. cit., p. 1756) with that of 2: 6-dinitrophenol, the band 
0 slowest vibration having its head at an oscillation frequency of 

0- Hence it seems justifiable to conclude that, as in the case 
° °'^ ro ^ aD( l 2 : 6-dinitro-phenols, formation of the sodium salt is 
^lupamed by an alteration in structure, the trinitroacetylamino- 

H H 2 




. ' “ 4 i§^i| 

NHAc NHAc 

the physical side there seems but little doubt that a radical 
iteration in absorption on formation of a derivative is accompanied 
8§K^adical alteration in structure, although it is well to keep ip* 
Jpuid that the only direct chemical evidence bearing on’ the assumed 
Shange of structure on salt formation (or ionisation) in the case 
||| the^itro phenols depends on the isolation of highly coloured 
j^pvesters by Hantzsch and Gorke (Ber. } 1906, 39 , 1073). 
t ; If to a solution (aqueous or alcoholic) of the trinitro-compouud; 
|adkali be added in excess, a deep purple-red colour is produced; 
such solutions are, however, unstable, the decomposition making 
*itgelj£ manifest by a deposition of sodium salt ( 1 nitrite) when a 
solution in 96 per cent, alcohol is examined, and a change of colour 
■towards yellow. Despite this inconvenience, an attempt was made 
to photograph the absorption spectrum of a freshly prepared solu- 
tion, which very possibly contains a disodium salt : the persistency \ 
of the colour band was very similar to that found for a monosodiunu 
salt, but the head lies at an oscillation frequency of about 2040. 

The curves in the figure were obtained with solutions made up 
in the following manner. 

TnnitToacetylaminophmol (full curve). — A N /1000-solution was 
prepared from 0’0286 gram and 5 ex. of fuming hydrochloric ae$ 
made up to 100 c.c. with 96 per cent, alcohol. A Nj 10,000-aolution 
was prepared by diluting 10 c.c. of the N j 1000-solution and 5 c.c. , 
of fuming hydrochloric acid to 100 c.c. with 96 per cent, alcohol. 


Monosodium Salt (dotted curve). — 0‘0286 Gram of the phenol was 
dissolved in alcohol, a solution of sodium acetate added in at least 
twice the excess of that necessary to produce any further intensifi$&* 
,.tion of the orange shade, and then made up to 100 c.c. with alcohol 
5 mm. of this N{ 1000-solution gave the same absorption as 50 mm. 
of the solution obtained on tenfold dilution (N j 10,000). This shows 
that any hydrolysis of the salt is inappreciable, as might have been 
expected. 

Excess of Alkcdi , — The solution photographed was obtained by 
dissolving 0'0286 gram of trinitroacetylaminophenol in alcohol, 
adding alcoholic sodium hydroxide in excess of that required for 
maximum development of the purple shade, and making up. to 
100 c.c. with 96 per cent, alcohol. As 5 mm. of such a solution did 
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Attempts tS methylate the trinitro-compound by silver oxitTf 
ttethyl iodide led to negative results (Trans., 1909, 95 , 1379). | 

Oscillation frequencies . 
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- illation of the silver salt described in this paper has, however,® 
^rendered possible the preparation of the above methyl ether and the 

E sponding trinitroanisidine. The silver salt in methyl-alcoholic 
on is rapidly decomposed by methyl iodide, even at the .* 
ary temperature, the separation of silver iodide commencing 
after mixing the solutions and being complete aftter about half . 
hour's heating on the water-bath. Only about 15 per' cent, of | 
s£$te trinitro-compound undergoes methylation in this process. The 
alcoholic solution, after filtration, is evaporated to a small volume, , 
f diluted with water, and extracted with an aqueous solution of 





1907, 40 , 4537). Like 
1885, 7 , 69) a-benzylcinnamic acid, which on 
yields dibenzylacetie acid, (C 6 H 5 *CH 2 ) 2 *CH‘C0 2 H, 0-benzyl- 
fritfriamic acid, on treatment with sodium amalgam, is transformed 

tato 0 -phenyl- 0 -benzylpropionic acid, 

M C 6 H 5 -CH(CH 2 -C 6 H 5 )*CH 2 *C0 2 H. 

:$£&in, just as a-benzylcinnamic acid, under the influence of cdj 
Jjqncentrated sulphuric acid, condenses to form benzylidene- 

|hydrindone, C,H 4 <^>0:CH-C,H, (see Schmid, /. 
Mhcm., 1900, [ii], 62, 550), 0 -benzylcinnamic acid is transformed 


g£to 3-phenyl-l-naphthol : 


■ • JJJOHJMH 

U ‘ H4 ^CH= CC.H. 


The formation of 0 -benzylcinnamic acid (m. p. 168— 169°) is 
accompanied by the production of an isomeride melting between 
an j 90°, which, as yet, I have failed to ^obtain with a 
fixed melting point, But the action of potassium hydroxide on 
triphenyl- 2 -pyrone is still more complicated, because part of the 
pyron^ 'compound undergoes the following change : 


°<CFh:cPh >0Ph + H =° = co 2 + c ® H '« a 
The fact that the product CjgHjjO, which is formed, does not 
melt sharply, indicates that it is a, mixture, and leads to the view 
that the compound CH 2 :C(C 6 H 5 )*CH(C,H 5 ) : CO-C 6 H 5 , which may 
be expected to be first produced, under the influence of the alkali, 
is partly or wholly transformed into a mixture of stereoisomendes 
of phenylethylidenedeoxybenzoin, CH 3 *C(C 6 H 5 ).C(C 6 H 5 )*CO-C 6 H 5 . 
All attempts to separate this mixture by crystallisation have been, 
unsuccessful. Compounds which belong to the same type are known 
already. These are the alkylidenedeoxybenzoins which Klages and 
Tetzner ( Ber 1902, 35, 3965) prepared from deoxybenzoin- 
Isomeric with the product C ffi H 18 0, which is formed from tnphenyl- 

2 -pyrone, is p-methylbenzylidenedeoxybenzoin, 

ch 3 -c 6 h ( -ch:c(c 6 h 6 )-co-c 6 h 6 . 

This substance was obtained by those chemists on eondenang 
k ‘ deoxybenzoin with p-tolualdehyde, and was found to exis in 
forms, which could be separated. 
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This substance fe fonned on adding deoxybenzoin (9'8 grl 
- sodium ethoxide (3*4 grams) suspended in absolute ether,^ 

In ethyl phenylpropiolate ( 8*7 grams) to the solution whi^ 

^ r tly produced. The mixture becomes red, and a yellow 
gparates., The reaction is complete in the course of a day;|S| 

5 then added, when part of the solid (8 grams) remains undisso|^ 

^ is insoluble in water or alcohol; it dissolves sparingly itt$ 
aoderately in boiling, glacial acetic acid, and, on cooling, crysH 1 
n faintly yellow prisms, which melt at 245 — 246° : 

0 2030 gave 0'6342 C0 2 and 0 0930 H 2 0. C= 85*20 ; H-5*0^ 
C23H 16 0 2 requires C =85*18; H=4*94 per cent. 

The yield of this substance is only 50 per cent, of the theo 
■his is due to the 'fact that part of the ethyl phenylpropiolafc 
Jransformed into the acid, which, together with the unattackej 
ieoxybcnzoin, is contained in the ethereal layer from the product C 
the reaction. * 

Action of Potassium Hydroxide on Triphenyl-2^pyroHe. 

On boiling the pyrone with an excess of alcoholic potassium;; 
hydroxide on the water-bath, it dissolves, yielding a deep red: 
solution, and finally a yellow solid. After four to five Wg 
heating, the alcohol is distilled off, water added to the residue, und^ 
the whole extracted with ether. On evaporation of the ether, * 
yellowish-red oil is left behind, which gradually sets almost ccm$ 
pletely, to a solid. This is washed with a little dilute alcohol, 
when it becomes quite white. This product is a mixture of the 

etereoisomerides of phenylethylidenedeoxybenzoin, ; 

4 CE 3 ‘C(C e H 6 )-C(C 3 E 5 )*CO-C 6 H 5 . -r 

n It readily dissolves in hot alcohol, and, on cooling, crystallise! im 
■colourless prisms, which begin to soften at 76°, and are complete!^ 
smelted at 90°: ,-:>p 

i 0-1882 gave 0-6110 C0 2 and 0*1090 H 2 0. C = 88 54; H = 6*13. h 
& 0*1970 „ 0*6400 C0 2 „ 0'1080 H 2 0. 0=88*60; H = 6*09. 

C^HjgO requires 0 = 88*59; H = 6*04 per cent. 
me substance is very soluble in carbon disulphide, and moderately 
so in light petroleum ; it dissolves slowly in cold concentrated sul- 
phuric acid, forming a red solution. I have repeatedly crystallised. 
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the product from^ooholj*^ 


_ v; . 

\ oit^aflSlySis, gave the same results. 
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DuaaaU y ols , g»vo uic v. 

l^ljj&ine solution from the product of the action of potassium 
K$ide on the pyrone, which contains a mixture of benzoic acid 
the isomeric /3-benzylcinnamic acids, is mixed with an excess of' 
dilute sulphuric acid and repeatedly extracted with ether. 
evaporation of the ether, a yellow oil is left behind, which sets t-o 
% feolid after a few hours. When this is washed with cold dilute 
^icohol, j8-benzylcinnamic acid remains undissolved. 

^Benzyl-cinnamic Acid , C 6 Hj , C(CH 2 *C 6 H 5 ).CH’C0 2 H. 


! Jt The acid is only sparingly soluble in cold alcohol, but readily 
^in boiling alcohol, and, on cooling, separates in long, colourless 
needles, which melt at 168 — 169°: 


0*2028 gave 0*5992 C0 2 and 0*1080 H 2 0. C = 80*58; H=5*92. 

C 16 H J4 0 2 requires C=80*64; H=5’88 per cent. 
/3-Benzylcinnamic acid is readily soluble in ammonia, and this 
solution, on the addition of silver nitrate, yields a white silver salt, 
which is sparingly soluble in boiling water : 

0*2595 gave 0‘0810 Ag. Ag = 31*21. 

C^H. 3 0 2 Ag requires Ag = 31*30 per cent. 


r j3^Phenyl-fi-benzylpro'pionic A cid, C t 3 H 5 , CH(CH 2 , C 6 H 5 ) , CH 2 'C 0 2 H, 

The reduction of /3-benzylcinnamic acid readily takes place on 
dissolving it in dilute sodium hydroxide and shaking the solution 
with an excess of sodium amalgam (2J per cent.) for about half an 
hour. The alkaline liquor is poured off and mixed with dilute 
hydrochloric acid, when an oil separates which solidifies in the 
course of a day. The solid is sparingly soluble in light petroleum, 
readily so in chloroform or alcohol; on adding water to the hot 
alcoholic solution until it becomes turbid, colourless prisms gradually 
separate, which melt at 95 — 96° : 

0*1978 gave 0*5810 C0 2 and 0*1190 H 2 0. C=80*10; H = 6*71. 

' C lc H 30 O 2 requires C = 80*0; H = 6'67 per cent. 

The silver salt, which is formed on the addition of silver nitrate 
to the ammoniacal solution of the acid, is white, and does not 
change on drying in the water-oven : 

0*2438 gave 0*0758 Ag. Ag=31*09. 

C i6 H 15 0 2 Ag requires Ag = 31*12 per cent. 
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On adding cold concentrated sulphuric acid to jB-faMsyte 

acid, tie crystals gradually dissolve, forming a red solution wh 
Vlen kept overnight and then slowly poured into cold water, yii 
jq oil This gradually sets to a solid, which is sparingly soluMd^ 
boiling water, readily so in ether, chloroform, or alcohol; 
purified by adding water to the alcoholic solution until an emulsidn 
is produced, from which light brown needles, melting at 100 — 101 € S 

separate: 

0-1883 gave 0*6023 C0 2 and 0*0950 H 2 0. C = 87*23; H = 5*60. 

C ]6 H 12 0 requires C =87*27 ; H=5*45 per cent. 4 

This compound is very soluble in alkalis, and does not give; aft 
colour reaction on the addition of ferric chloride to its alcohoflfl 
solution. 

The alkaline solution, which is formed by the action of potassiU^i 
hydroxide on trip hen yl-2-pyrone, contains, besides jS-benzylcinhaniic - 
acid, melting at 168 — 169°, its isomeride. This, being very soluble 
ia alcohol, remains in the original alcoholic filtrate from the former 
acid, together with benzoic acid, which, also, is produced in the 
reaction. In order to remove the benzoic acid, water is added to 
the filtrate, and the whole extracted with ether. The product • 
which is left behind on evaporation of the ether is distilled in a 
current of steam, the benzoic acid contained in the distillate is 
extracted with ether, and, after evaporation of the ether, re- 
crystallised from water. The isomeride of £-benzyIcinnamic acid 
is not volatile with steam, and remains in the distilling flask as an 
oil, which slowly solidifies. The solid is very soluble in alcohol, 
ether, warm carbon disulphide, or chloroform, sparingly so in light 
petroleum. The solution in the latter solvent gradually deposits 
stout prisms, which soften at 104°, and are completely melted at 
116°. That this substance is isomeric with jS-benzylcinnamic acid, 
melting at 168°, is proved by the following analysis: 

0*1900 gave 0*5620 CO % and 0*1023 H 2 0. C = 80*67 ; H=5*98. 

C 16 H ]4 0 2 requires C = 80*64; H=5*88 per cent. 

The fact that this substance does not fuse sharply seems to 
indicate that it is not pure, but after repeated crystallisations from 
dilute alcohol or light petroleum, the behaviour on melting is 
practically unaltered. 

University Chemical Laboratory, 

Cambridge. 
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Part^IL 

By Siegfried Ruhemann. 

f ormati o n of the diketodiphenylpyrrolines by the action of 
Jhyl phenylpropiolate on the sodium derivatives of aromatic amides 
& accompanied by the production of colourless compounds {spa 
I jpahemann, Trans., 1909, 95, 984, 1603). One of these substances 
Jjgtl been isolated previously (loc. cit.) from the product of the 
Reaction of sodiobenzamide with the acetylenic ester, and its formula 
|i$a found to be C^H^OgNg. With regard to its constitution, the 
mew was expressed that this substance was the result of the union 
henzamide with the first formed phenylpropiolylbenzamide, and 
Plat, accordingly, it was represented thus: 


c 6 h 6 -c(nh«co-c 6 h 5 ):ch‘CO-nh*co*c 6 h 5 . 

A closer investigation, however, did not confirm this view ; for the 
colourless substance, CggHjgOgNg, on boiling with potassium 
hydroxide decomposes to yield deoxybenzoin, and with cold con- 
centrated sulphuric acid breaks up quantitatively into diketodi- 
phenylpyrroline and henzamide. This behaviour, and the fact 
that the compound has no basic properties, lead to the conclusion 
that it is to be regarded as an additive product of diketo- 
diphenylpyrroline with henzamide. Its constitution, therefore, is 
to be expressed thus ; 

npu*npi. 

C 6 H 5 .CO-NH-C(OH)<^VJ h , 

and it is therefore 3-benzoylammo-3-hydroxy-2*keto-4 : 5-diphenyl- 
pyrroline. * 

f This result induced me to examine whether the diketopyrroline 
forms additive products with other substances, and in this respect, 
also, resembles isatin. It was found, indeed, that, like the latter 
compound (see Baumann, Ber., 1885, 18 , 890), the diketopyrroline 
readily unites with phenylmercaptan to yield an additive com- 
pound, C 16 H n 0 2 N,C 6 H 6 S, which undoubtedly has a constitution 
similar to the additive product with henzamide, and which readily 
decomposes into its constituents, phenylmercaptan and the diketo-| 
pyrroline. With piperidine, the diketopyrroline combines evenin' 
thb cold to form the compound C 16 H n 0 2 N,C 5 H n N. This is more 
ito&le than the former substance, and does not decompose until its 
jofttions in mineral acids are heated, when thjp diketopyrrotjne 
separates The behaviour of piperidine towards isaitin was examined 





®he resemblance between isatin and the diketopyrrolia< 
iftrther indicated by the fact that they give the indopb 
mction. On shaking their solutions in concentrated sulph 
%id with bfenzene which contains thiophen, the red colour 
gauges to brown, and then gradually turns blue. Like i 
pj&etodiphenylpyrroline condenses with phenol in the presen 
^lacentrated sulphuric acid, and forms 2-keto-3 : 3-bishyd 
|pbenyl-4: 5-diphenylpyrroline, ' \'-p 

r 

S it may finally be stated that the relation which isatin exhibitsp^ 
lie diketopyrrolines as well as to the dike to- derivatives of ^|§|| 
entene extends also to the diketopyrazolines : 

R 'Fr co >co. 

N-NPi u 

|Dne member of this class of compounds, namely, 4 : 5-diketo-l-phehyb| 
Jtmethylpyrazoline, was first prepared by Knorr and Pschorr^ 
'^Annalen, 1887, 238, 194); afterwards Sachs and Barschalh (Ztenjl 
|1902, 35, 1437; 1903, 36, 1132) obtained diketopyrazolines by the 
'.action of nitrosodimethylariiline on the pyrazolones and subsequent 
treatment of the former condensation products with mineral acids. 
lUp to the present, however, no member of this group of diketo- | 
^compounds is known in which the iminic hydrogen of the pyr azoline ^ 
yring is intact. I propose to prepare such substances with thfe'* 
|.view of ascertaining whether they behave towards alkalis like 
linalogues and form blue salts. 


Expekimental. * ■■§ 

^-Benzoylanuno-Z-hydroxy-2-ketoA : 5-diphenylpyrroline, " : -diX 

-a 

On boiling this compound with an excess of concentrated^ 
Wtassium hydroxide, it decomposes and yields ammonia, de&£jr-'. s 
«azoin, oxalic acid, and benzoic acid, thus : „ \ 

^ 8 * 0^31050 + ^ 0 = ^ 

%<, C 6 H 5 -CH 2 -CO-C 6 H 5 + (C0 2 K) 2 + C 8 H 3 -COoK + 21fil 

The heating was continued until ammonia ceased to be evolved ; 
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steam was then. ft . .. r . , 

'■ %y passed ovei* J&rhicli, iatwx^C 
nelted at 60— 61°. This substance wd 
C 




gave 0 5440 C0 2 and 0*0962 H 2 0. 


„,from light 
ybmoin ; 
85*66- £=6*17. 


%&W.- 


,0 requires C = 85‘71; H = 6*12 per cent. 


jjtlifi remaining alkaline solution was treated with an excess of 
dilute sulphuric acid and subjected to steam distillation. The 
^bepzoic acid which is contained in the distillate was extracted with 
"ether, recrystallised from water, and identified by the melting point. 
The formation of oxalic acid in the reaction was ascertained by 
• the usual test. 

■' The result of the action of potassium hydroxide on the colourless 
substance C 23 H 18 0 3 N 2 indicates that it is an additive product of 
idiketodiphenylpyrrolin-5 with benzamide, and this conclusion is 
Supported by the fact that, with sulphuric acid, the substance breaks 
up into these components. On adding the colourless compound to 
the concentrated acid, it dissolved, yielding a deep red solution. 
This, after being kept overnight, was gradually poured into cold 
water, and the diketodiphenylpyrroline, which separated, was 
crystallised from dilute alcohol. It softens at 184°, and melts at 
190—191° (instead of 184° which was previously given as the 


melting point) : 

0*1948 0*5505 C0 2 and 0*0820 H 2 0. C = 77*07 ; 11=4*67. 

C 16 H h 0 2 N requires C = 77'll ; H=4*42 per cent. 

The benzamide which is contained in the filtrate from the diketo- 
pyrroline was extracted with ether, and, on evaporation of the 
ether, remained as a red solid, which, after crystallisation from 
water, melted at 130°: 

0*2338 gave 24*2 c.c. N 2 at 18° and 754 mm. N= 11*84. 

C 7 H 7 ON requires N= 11*57 per cent. 


Additive Product of Diketodiphenylpyrroline and Phenylmercapian, 
C 10 H n O 2 N,C 6 H fi S. 

This additive product is readily formed on adding phenyl- 
mercaptan to the diketopyrroline, dissolved in hot alcohol. The 
deep colour of the solution turns light red, and faintly pink plates 
soon separate. These were washed with ether and dried in a 
vacuum desiccator over sulphuric acid. The substance reddens at 
about 140°, and melts at 174 — 175°: 

, 0U760 gave 0*4755 C0 3 and 0*0785 H 2 0. C = 73*68; H=4*96. 

0:2240 „ 0*1476 BaS0 4 ; S = 9*05. 

C^OoNS requires C- 73*53; H=4*74; Si=8*91 per cent 

On adding this compound to cold concentrated sulphuric acid, 
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‘ " ■' ' . , ... , , 

perceptible, ana 

_ _ precipitate. oi 4ii?it<£ 

|fi#Vhen poured into water. 

• ■ ' ' ’ '• 

Additive Product of Diketodiphenylpyrroline and Piperidine^' -, 
C^HttOjNAHuN. ' 

Oa adding piperidine to the diketopyrroline dissolved in tether, 
the red colour of the solution changes to yellow, and, after a short 
time, faintly brown, glistening prisms separate, which melt and 
decompose at 180 — 181°: , - 


0*1632 gave 12*2 c.c. N 2 at 20° and 749 mm. N = 8*42. 

C 21 H 22 0 2 N 2 requires N = 8*38 per cent. 

The substance is rather stable towards mineral acids; decom- 
position into its constituents, the diketopyrroline and piperidine, 
does not take place until the solutions are heated. 


2-Keto-Z : Z-bishydroxyphenylA : 5 -diphenylpyrroline, 


(C fl H 4 -OH) s C< 


0Ph:cph 
CO-NH ■ 


; phenol reacts with diketodipkcnylpyrroline under the same con- 
ditions as with isatin (see von Baeyer and Lazarus, Per., 1885, 
18, 2641). The diketopyrroline (2 grams) was dissolved in an 
excess of phenol, and, gradually, concentrated sulphuric acid was 
added until the red colour of the solution turned deep brown. Tbe 
whole was then poured into water, when a yellow, flocculent solid 
to precipitated. This was dissolved in ether, and the solution 
mixed with chloroform until it became turbid. In the course of 
a few hours, yellow plates separated, which retained their colour, 
even on boiling the alcoholic solution with animal charcoal. The 
|abstance melts at 220 — 221°: 

iy 0*1600 gave 0*4697 C0 2 and 0*0755 H 2 0. C = 80*06; H=5*24. 
r 0*2420 „ 7*2 c.c. N 2 at 17° and 747 mm. N=3*39. 

CyigjOgN requires 0 = 80*19; H = 5*01; N = 3*34 per cent. 

This compound is sparingly soluble in chloroform or benzene, 
Moderately so in ether or cold alcohol, but readily so in boiling 
alcohol. It dissolves in potassium hydroxide, yielding a yellow 
solution, from which it is precipitated unchanged on the addition 
d hydrochloric acid. 

University Chemical Laboratory, 

Cambridge, 




Constitution ' Wffi 


By George Barger. 

i i£ alkaloid carpaine was discovered by Greshoff in the leaves of 
) Papaw tree, Carica Papaya, L. ( Mededeelingen uit ! s Land% 
\ntentuin, No. 7, Batavia , 1890, p. 5). Merck (J ahresb er., 

30) assigned to it the formula C^H^C^N, but van Ryh (Inaug. 
\t. MarSurg* 1892; Arch. Pharm., 1893, 231 , 184; 1897, 235, 
!) corrected this to C^H^OgN. Van Ryn described a number 
gaits, and showed that carpaine is a secondary base yielding a 
|iicroso-derivative, C 14 H 24 O 2 N*N0, and that on methylation and 
pihylation a tertiary base and quaternary iodide are produced. He 
felso attempted to obtain a knowledge of the constitution by 
&jddation with potassium permanganate, but his experiments in this 
Stafection were unsuccessful. 

MMhe alkaloid for the present investigation was prepared from 
•i?apaw leaves from British India; the yield was 0*07 per cent., or 
the same as that obtained by Greshoff from adult leaves (young 
leaves contain three to four times as much). 

. The experimental results which have been obtained so far show 
that carpaine is the internal anhydride of a substance possessing 
both acid and basic properties, and closely resembling certain amino- 
acids; this substance contains a carboxyl group, and has the com- 


position C^Hg-iO^N ; the name carpamic acid is suggested for it. By 
oxidation with potassium permanganate, or preferably with nitric 
acid, a dibasic acid of tbe composition CgH 14 0 4 is formed, whigb is 
probably a5-dimetkyladipic acid; this acid might result from the 
breaking down of a dimethylcycfohexane ring. Like carpaine itself, 
the ethyl ester of carpamic acid yields a nitroso-derivative, whence 
it follows that the alkaloid cannot be a lactam, but must be & 


lactone, and that its two oxygen atoms are arranged as follows: 
jOO'CQ*. Although there is at present no direct evidence, it thus t 
appears very probable that carpamic acid contains an alcoholic, 
"hydroxyl in addition to a carboxyl group and an imino-group; if 
attached to the cycfohexano ring, this hydroxyl would be converted 
fen oxidation into one of the carboxyl groups of the acid C 8 H 14 0 4 . 
|Tn this case the carboxyl group of carpamic acid could not be.',. 
Miyectly connected to the cyclohexane ring, but would be attached^ 
§1$ the rest cf the molecule. The oxidation of carpaine by potassium;* 
^^in^hganatc (see below) affords some evidence that the nitrogen^ 
Hpim is directly attached to the complex yielding tho acid C fl H 14 0 t ; 
threat of the molecule left unaccounted for is a bivalent group, 




Me H 


show that if carpaine contains 25 hydrogen atoms, there can only 
to one homocyclic ring, in addition to the lactone ring. With 
regard to the complex C 6 H 10 , nothing is known at present. 

Experimental. 

Composition and Properties of Carpaine. 

;• Van Ryn’s analyses agree closely with the formula C I4 H 23 0 2 N, 
and so far it was thought unnecessary to confirm this. It is, 
however, supported indirectly by the analyses of carpamic acid 
and its derivatives. Merck’s formula, C u H 27 0 2 N, is certainly 
incorrect, and the only other formula, C^H^OgN, is hardly more 
likely. 

The properties of carpaine have been fully described by van Ryn, 
except the fact that the alkaloid can be distilled without decom- 
position. In a vacuum produced by charcoal and liquid air (the 
pressure was a fraction of a millimetre), 2 grams of carpaine were 

distilled with the bath at 260 — 290°, and the vapour at 215 235°. 

The distillate crystallised in the receiver, and at once showed the 
melting point 121° (corr.), identical with that given by van Ryn. 

Action of Acids on Carpaine : Carpamic Acid. 

Van Ryn attempted to hydrolyse carpaine by boiling it with 
1 per cent, alcoholic hydrogen chloride, but after twelve hours 
almost the whole of the alkaloid was recovered unchanged. This 
acid was much too dilute, and the temperature too low. When 
heated in a sealed tube to 130 — 140° for a few hours with 10 per 
} cent. hydrochloric or sulphuric acid, carpaine is quantitatively 
changed to a substance containing one molecule of water more than 
^carpaine. The same change may be brought about more slowly 
% boiling with 20 per cent, hydrochloric acid. The completion of 
hhe change is best detected by the disappearance of the intensely 
hitter taste of carpaine. When sulphuric acid has been used it may 
jhe removed with baryta, which does not precipitate the product of 
hydrolysis; in the case of hydrochloric acid, the excess of the acid 
,eaB be removed by distillation under diminished pressure. The 

VOL. XCVII, , r 
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Imo gave 0-2778 C0 2 and 0*1107 HgO. C— 57*4; H=9*3. 
4t ,p-i?70 „ 0-0627 AgCl. Cl=12*2. / 

^fc u H 270 3 N,HCl requires C = 57*2 ; H — 9*5; Cl — 12*1 per cent. 

The free base may be obtained from the hydrochloride by decom- 
position with the calculated quantity of sodium carbonate, but as 
j&e substance is readily soluble in water and scarcely more soluble 
|f alcohol than sodium chloride, it is difficult to obtain it quite free 
liom salt by this means. It is therefore better to decompose the 
iulphate with baryta, or the hydrochloride with moist silver oxide ' 
and to crystallise the residue left on evaporating the aqueous 
filtrate from dilute alcohol. It also crystallises very well on adding 
acetone to the cold alcoholic solution. 

y^Oarpamic acid , obtained* in this manner, forms long needles, melt- 
ing at 224°. Under a pressure of less than 1 mm., the substance 
sublimes unchanged; when heated under atmospheric pressure, it 
distils with slight decomposition: 

0*1212 gave 0*2925 C0 2 and 0*1139 H 2 0. C = 65*8; H-10*4. 

C u H 27 0 3 N requires C = 6o*4; H = 10“5 per cent. 

The substance is optically active ; in aqueous solution : 

2 — 1-dcm. ; c = 3*727 ; a D +0*26°; [«] D +7*0°. 


Carpamic acid is readily soluble in cold water, but only very 
sparingly so in alcohol ; it is insoluble in acetone, ether, and most 
other organic solvents. The salts with mineral acids and with the 
alkali metals are readily soluble in water ; the barium salt is a stiff 
jelly, so that the, test-tube in which it is formed can be inverted. 
Carpamic acid has a hardly perceptible, faintly sweet taste, like some' 
amino-acids ; when pure and free from carpaine, the intense bitter 
taste of the latter alkaloid is absent. In dilute solution carpamic 
acid does not yield precipitates with potassium tri-iodide or with 
potassium mercuri-iodide, differing therein from carpaine; both; 
bases, however, yield a precipitate with phosphomolybdic acid. 

In solubilities, volatility, and chemical reactions, carpamic acid 
closely resembles certain amino-acids like leucine, but it has more 
definitely basic properties than are associated with a-amino-acids.: 
The presence of a carboxyl group is demonstrated by esterification. 
Thus, when carpamic acid is suspended in absolute alcohol and 
.treated with hydrogen chloride, there remains on evaporation of 
the acid a syrup, which crystallises on the addition of ether to its 
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M 

|§¥ C 1? H 8 ;P a K,HCl requires C = 59*7; H-9'9 per cent" 
Jpe same Hydrochloride is formed almost quantitatively dire 
:|qm carpaine by hydrolysis with alcoholic (instead of with aqueoo 
h, ’—- 1 * 1 —'“ For instance, 0'5 gram of carpaine, heated 


prochloric acid. , 0 r ^ 

§ c.c. of 10 per cent, alcoholic hydrogen chloride for two hours 
160°, yielded 0*51 gram of this hydrochloride on addition of ethe^ 
its concentrated alcoholic solution. Af 

J|he hydrochloride of ethyl carpamate is tasteless; its aqtieo 
solution is precipitated by sodium carbonate. The free ester fc* 
Jjleadily soluble in ether ; it has not yet been crystallised. . \- 
§ From the above description it will be seen that carpaine5i, 
sorpamie acid are related to each other in the same way as ergotinin*™ 
and ergotoxine (Barger and Ewins, this vol., p. 284). Both carpainl| 
rjnd ergotinine are converted by acids in alcoholic solution intbf 
lilts of an ester. ^ 


Action of Alkalis on Carpaine. 

I Carpaine is extremely resistant to alkalis. Thus, after 0*2 gram 
had been heated with 2 c.c. of 10 per cent, aqueous sodium 
hydroxide to 140 — 150° for three and a-half hours, 0*16 gram of 
carpaine was recovered unchanged. The carpaine was hardly 
attacked, because it is insoluble m water. In a similar experiment 
lith 2 c.c. of 2'5rV T -sodium ethoxide, carpanaic acid was formed, and 
^hen 0*2 gram had been heated to 180° for two hours with 4 c.c. 
l| 3‘3A r -sodium ethoxide, 0‘12 grain of carpamic acid was obtained, 
b On fusion with alkali, a further change may take place. When 
9*5 gram of carpaine was heated with 7 grams of potassium 
hydroxide and 0*5 c.c. of water, no apparent change took place 
Uow 300°. Then a dark brown solution was gradually formed, 
wd, on cooling, hydrochloric acid yielded an oily precipitate soluble 
f ether with intense fluorescence. On evaporation, the ether left 
1 re d oil, which with ferric chloride yielded a reddish-brown 
adoration. It would appear that under these conditions a phenol 
| formed (by oxidation of a cycfohexane ring) ; a similar product 
also obtained on chlorinating carpaine and treating the product 
Rlh alkali (see below). ^ 

Further Degradation of Carpamic Acid, 

This cannot readily be brought about by boiling with alkali. In s 
N experiment 0*2 gram of carpaic acid was boiled with 6 c.c. of 

I I 2 
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50 per cent, potassium 8alt of 

the acid floated on top as a brown' oil, ahd during half a n hour’’ 
boiling very little, if any, oi a volatile base was given off* 
corresponding at most to one-fiftieth of the nitrogen present On 
cooling, the upper layer crystallised; it yielded, on acidification 
Unchanged carpamic acid. 

'v By distilling carpamic. acid with. lime under diminished pressure 
a little of an oily base is formed, insoluble in water, but soluble in 
ether. A similar base is formed on heating carpamic acid (or 
carpaine) with concentrated hydrochloric acid to 225 — 250°. I n 
both cases the carboxyl group of carpamic acid seems to be 
"eliminated, but neither reaction has been studied further for want 
of material. .«■ 

Oxidation of Carpaine. 

Carpaine is fairly resistant to oxidising agents. Van Ryu found 
that acid potassium permanganate is only very slowly decolorised 
at room temperature. By heating on the water-bath (in dilute 
sulphuric acid solution), oxidation was more rapid, and he obtained 
a mixture of crystalline, non-nitrogenous acids, the yield of which 
was, however, only per cent, of the alkaloid employed. By 
crystallisation from water, three fractions were obtained, melting 
continuously from 70—124°; the small yield of material available 
did not enable van Ryn to isolate any of the acids in a state of 
purity, and no analysis was made. The only other product obtained 
was ammonia. • 

In view of the difficulties encountered by van Ryn, it was thought 
advisable to modify the conditions of oxidation by using neutral 
potassium permanganate in acetone solution, a method which has 
of late yielded such good results in the case of brucine and 
strychnine (Leuchs, J5er,, 1908, 41 , 1711). Five grams of carpaine 
were dissolved in 125 c.c. of acetone, and 1*11 grams of finely 
powdered potassium permanganate (half an atomic proportion of 
oxygen) was added to the solution after cooling to 0°. The pink 
colour disappeared only very slowly. The solution was therefore 
warmed to room temperature, when the permanganate was com- 
pletely reduced in a few hours. The same quantity was then again 
added; finally, when two atoms of oxygen had been used up, the 
solution was filtered, and was found to contain 2| — 3 grams of 
the unchanged alkaloid. 

In a second experiment 5 grams of carpaine in 140 c.c. of acetone 
were at once treated with 3’33 grams of potassium permanganate 
( = 1J atoms of oxygen); the temperature gradually rose from 23° 
to 37°, and then fell; the pink colour disappeared in half an hour. 
In all, 9 atoms of oxygen were supplied; the addition of per- 
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<nanganat^ oxygen, produced a rise 

0 f temperature onty from 21-— 25°y and this tin^e the pink colour 
persisted after seven hours. On filtration, the acetone was found 
to contain only a minute quantity of a neutral substance, melting 
at about- 50°. The mixture of manganese dioxide and potassium 
3 alts was extracted with water (by shaking, glass beads being 
added). The pale .brown solution was washed with ether, which 
did not remove an appreciable amount of substance; the solution 
was then acidified and became turbid; by repeated extracting with 
ether, 2'5 grams of a brown syrup were now obtained, but the 
aqueous solution still held in suspension a considerable quantity of 
a brown, oily substance, which was almost insoluble in ether. The 
syrup extracted by ether was esterified with methyl alcohol and 
hydrogen chloride, and was then distilled; between 110—120° at a 
pressure of 3-^ mm., there was collected a small quantity of a dis- 
tillate, which was hydrolysed by boiling with potassium hydroxide! 
at the same time an alkaline gas (ammonia or an amine) was 
evolved. On acidification, 015 gram of an acid was obtained J 
which, on crystallisation from benzene, formed leaflets, melting not 
quite sharply at 98-100° This acid was free from nitrogen, and ■ 
was analysed: 


00682 gave OT398 CO** and 0 0496 H„0. C=55 9; H=8*l. 
[CgH 32 0^ requires C=55*8; H = 7*0 per cent.] 
c a H iA „ C=55*2; H=8*0 „ 

The molecular weight was determined by the author's microscopic 
method (Trans., 1904, 85 , 286) : 

0 0487, in 1’2744 grams methyl alcohol,- was intermediate between 
0‘20 and 0*21 mol. benzil. M.W. = 182— 191, mean 186. 
C 8 H 14 0 4 requires M.W. = 174. 

0 0164 gram of acid required for neutralisation 1*62 cc 
iVVIO-KOH, whence M/VV. for a dibasic acid = 204. 


. , I “ distillation of the ester a small quantity of a semi-solid 
raction was further collected, boiling at 120— 200°/3 mm., but 
the bulk of the material decomposed in the flask. It thus became 
evident that much more than 5 grams of the alkaloid would be 
required for the complete characterisation of the acid (van Ryn 
obtained no result from the oxidation of 10 grams with potassium 
permanganate). Other oxidising agents were therefore employed 

US ^ nitri ° acid was found ** much the most 

e. 0 2 Gram of carpaine, heated in a sealed tube with 

141 > to 140 -170°, yielded only a minute 
S™? °f 311 acld w>l“We in water, which on heating gave an 
ur sumlar to that of succinic anhydride; there was no trace of 
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dioxi^f^^h a similar 
cent.'df a dibasic acid was obtained, and after a large number 0 { 
.|frch experiments the exact conditions were. found for obtaining. a 
jnixture of non-nitrogenous acids weighing 75 per cent, of the 
'Alkaloid employed. This mixture is at present under investigation 
kind from it an acid of the composition C 8 H 14 0 4 has been isolated' 
|yjuch’ is probably a mixture of the two stereoisomeric forma of 
a5-dimethyladipic acid, the same mixture having previously been 
^obtained in very much smaller amount with potassium per. 
|panganate. 

^ The oxidation of carpaine by halogens was also attempted, 
When chlorine is passed into a cold aqueous solution of the hydro* 
Ihloride, the whole of the alkaloid is gradually precipitated as an 
amorphous chloro-derivative, which is decomposed by boiling alcohol, 
but can be crystallised from methyl alcohol (with considerable loss), 
forming leaflets, melting and decomposing at 77°: 

0-0981 * gave 0*1854 C0 2 and 0-0618 H 9 0. 0=51*7; H = 7*0. 
0*1247 f „ 0T132 AgCl. 01=22*5. 

C^HogOsNCls requires C = 51‘8; H=7*l; 01 = 21*9. 

This substance is neutral; two hydrogen atoms have been replaced 
by an oxygen atom and two chlorine atoms ; it is therefore dichloro- 
oxycarpaine. and as it is formed quantitatively, it was thought that 
it might form a suitable starting point for further degradation. 
The chlorine is very readily removed, by cold pyridine, for instance, 
but the substance is not simply a perchloride. A somewhat pro- 
found change has taken place; carpaine cannot be recovered from 
it, and by treatment with alkali a pink, fluorescent solution is 
obtained (benzene derivative ?). So far it has been found impossible 
to obtain any further derivative in a pure state. 

On passing chlorine into a solution of carpamic acid, a similar 
derivative is formed, which could not, however, be crystallised. 

;* Bromine produces in a solution of a carpaine s*alt an orange 
precipitate of a perbromide, from which carpaine is readily 
regenerated. 

In comparing the oxidation by potassium permanganate in 
acetone solution with that by nitric acid at 1 30°, it should be noted 
that the latter reagent first hydrolyses the alkaloid to carpamic 
acid, which thus becomes open to attack. A non-nitrogenous acid 
is then formed, but potassium permanganate first produces a nitro- 
genous acid, which is only slightly soluble in ether. After dia- 

* Crystallised. f Amorphous, dried in a vacuum. 





till. — Optically Active Glycols Derived from VBenzam 
and from Methyl \-Mandelate. 

By Alex. McKenzie and Henry Wren. 

-The work described in the present communication was undertaken fill* 
consequence of the racemisation phenomena which were observed byt* 
one of us (Wren, Trans., 1909, 95, 1583, 1593) in connexion with th^'' 
study of ^-benzoin and its derivatives. ^-Benzoin, which is prepared ; 
from magnesium phenyl bromide and ^-mandelamide (McKenzie and^ 
Wren, Trans., 1908, 93, 312), has [a] D - 119° in acetone solution, an<$fe 
undergoes complete racemisation with great readiness in the presence 
of alkali. The interpretation was suggested that the isomeric change 
in question was probably of a keto-enolic character, the hypothetical 
a-dihydroxystilbene being formed as an intermediate phase : 

C 6 H 5 -CH«OH C,H r /j>OH C 6 H 5 -CH-OH 

C 6 H 5 ’00 C 6 H 5 ’OOH + C 6 H 5 -CO 

Laevorotatoiy. Inactive. Inactive. 

The racemisation of Z-benzoin methyl ether also proceeds with great 
readiness in the presence of alkali. 

In accordance with this view, the hydrogen attached to the carbon 
atom of the 1CH*0H group migrates to the adjacent carbonyl-oxygen 
atom : 

c 6 h 6 -ch-oh ) 

C 6 H 5 -CO 4r-j‘ 

Desmotropic change of this nature is, however, impossible if the 
flarbonyl group in Z-benzoin is displaced by the CRR’OH group, a 
transformation which can be effected by the application of Grignard’s 
reaction to ^-benzoin. We find accordingly that optically active 
glycols of the types : 

C 0 H 6 -CH(OH)‘CRR-OH and 0 6 H 5 -OH(OH)«CRR'«OH 
do not lose their activity in the presence of alkali. The triphenyl 
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glycol, obtained from phenyl 

bromide, W[a] D +221 '3° in acetone solutW, aM m perfectly stable „ 
even when boiled with W/l 0-alcoholic potash for thirty minutes. 

Similarly, the diphenylethyl glycol, obtained from /-benzoin and 
magnesium ethyl iodide, retains its activity unchanged during twenty, 
five hours at the ordinary temperature when dissolved iu iY/lO-alcoholic 
potash, whereas /-benzoin methyl other, under the same conditions, is 
racemised completely within five minutes. 

The conversion of methyl /-mandelate, a highly active lsevo- 
rotatory compound with [a] D — 236° in carbon disulphide solution 
(Wren, loe. cit.) f into the highly active dextrorotatory triphenyl 
glycol, referred to above, suggested the possibility of a Walden 
inversion having occurred in this change. In order to obtain further 
evidence on this point, the action of magnesium phenyl bromide on 
/-benzoin was examined, when it was found that the resulting glycol 
was dextrorotatory and identical with the product from methyl 
/-mandelate. There is thus no evidence of a Walden inversion in 
either of these actions, and it is accordingly proposed to designate the 
dextrorotatory glycols, derived either from methyl /-mandelate or from 
/-benzoin, as /-compounds. 

Desyl chloride has not yet been obtained in an optically active form, 
and we therefore treated /-benzoin with thionyl chloride, in the hope 
of obtaining an interesting compound in which the displacement of 
the chlorine by the hydroxy-group might bo studied. Unfortunately, 
the product of the action was inactive desyl chloride. The displace- 
ment by the chlorine atom of the tertiary hydroxy-group in the active 
glycols, which are described in this paper, has not, so far, been 
attempted, since the action both of thionyl chloride and of fumiDg 
hydrochloric acid on inactive triphenylethylene glycol caused the 
elimination of one molecular proportion of water with the formation 
of triphenyl vinyl alcohol. !Now Tiffeneau (Compt. rend 1908, 146, 
29) has found that the latter alcohol is also formed from triphenyl- 
ethylene glycol by means of sulphuric acid j this behaviour is, 
however, abnormal, the researches of Tiffeneau showing that the 
elimination of water from the glycols of the type : 

Ar • CB(OH ) • CRR' OH 

results in other cases in the formation of aldehydes of the type 
ArBR'OCHO. 

A further point arose in connexion with the interaction of /-benzoin 
and magnesium methyl iodide. Whilst the former compound contains 
only one asymmetric carbon atom, the carbon atom of the carbonyl 
group becomes asymmetric during this action, so that the formation 
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two iso|||j^^ oj& of^which contains two 

symmetric' cAtTOn atoyi^is; fctiisoretically possible 

<?X <?a 

" H-C-OH H-C-OH 

I and t 

CH,-O-0H OH-C-CH, 

c„h 5 c,h 6 

These glycols are not, of course, enantiomorphously related, and 
jajgkt be expected to be produced in unequal amounts. Only one 
jgomeride was obtained. Again, when r-benzoin was acted on by 
jflagnesium methyl iodide, only one of the two possible inactive 
glycols was isolated, and it was obvious from the yield that the other 
jgomeride could have been present only in small amount, or not 
stall. 

The only glycol of the type R-CH(OH)*CRR*OH known up to 
1504 was the tripheDylethylene glycol described by Gardeur (Bull. 
Atad; roy. Bdg., 1897, [iii], 34, 67). Acree (Ber., 1904, 37, 2753) 
lias shown that similar glycols are obtained by the aid of Grignard’a 
action (compare also Tiffeneau and Dorlencourfc, Ann. Chim. Pkys 
1909, [viii], 16 , 237, and other papers). These compounds are all 
optically inactive. The Grignard action as applied to an ester of an 
optically active hydroxy -acid was studied for the first time by 
P. F. Frankland and Twiss (Tfrans., 1904, 85, 1666), who prepared 
d-WiS-tetraphenylerythritol by the interaction of methyl d-tartrate 
and magnesium phenyl bromide. This ditertiary glycol is charac- 
terised by the high dextrorotation which it exhibits when contrasted 
with that of the tartrate from which it is derived. 

In the course of the large amount of work carried out by many 
chemists on the connexion between unsaturated or negative groups 
and optical activity, the abnormal effects produced by the phenyl 
group have been repeatedly observed. It is, therefore, not surprising 
that such effects should be encountered with the compounds which are 
now described. 

Purdie has shown that the substitution of the hydrogen atom of 
the alcoholic hydroxy-groups in the optically active lactic, malio, and 
tartaric acids (or their esters) by an alkyl group causes a very pro- 
nounced rise of optical activity. When a similar displacement is 
effected in ?-mandelic acid, no such effect is observed (McKenzie, 
Trans., 1899, 75, 753). Again, methyl J-mandelate, 
C 6 H 5 -CH(0H)-C0 2 Me, 

Hd -236° in carbon disulphide solution (Wren, loc. cit,), 
whereas methyl J-phenylmethoxy acetate, C 6 H 5 *CH(0Me)*C0 2 Me (see 
experimental part) has [a] D - 101 *7° in the same solvent. The com- 
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_JSr) : ' |>y the mefchoXy-group, And a ‘similar displacement i a 
c*lhydroxy*acids (or esters), leads to the conclusion thatdjh® 
pi^ftfferdbce between the two cases is due to the influence exerted 
1 group. 

i J-triphenylefchyleno glycol, OH*CHPh*CPb 2 *OH, is alkylated 
§ means of silver oxide and methyl iodide, only one of the two 
fndroxy-groups undergoes methylation. It is shown that the mono- 

P ethoxy- derivative, obtained in this manner, has the formula 
p OMe-CHPh'CPh 2 -OH, 

Snd not OH-CHPh'CPh.yOMe, and that the introduction of the 
Sjnethyl group into the molecule of the triphenyl glycol lowers the 
gjFftlue for the specific rotation to -f 185*3° in acetone solution. 
jj| In a recent exhaustive study of the influence of constitution on the 
Rotatory power of optically active compounds, Rupe (Anncden, 1909, 
£69, 311; compare also ibid. t 1903, 327, 157) points out that the 
ghmenthyl esters of saturated acids, derived from pheuylcinnamic acids, 
fpossess a higher degree of optical activity than the corresponding 
festers of the unsaturated acids. The normal effect which Rupe 
^observed in this particular group appears to be that negative groups 
lower the rotatory power in a pronounced manner. Thus, in f-menthyl 
/J-phenyleinnamate, CPh 2 !CH*CO 2 *C l0 JI ]9 , with [a] D -37‘92° in 
benzene solution, the optical effect caused by the asymmetric 
men thy 1 group is influenced by the electronegative character of two 
phenyl groups and of one double linking. When one of these negative 
factors is eliminated, for instance, the double linking, the rotatory 
power is enhanced, thus J-menthyl /3/3-diphenylpropionate, 
CHPb 2 *CH 2 *CO 2 *C 10 H 19 , 

has [a] D -61*72° in benzene solution. Now this behaviour is 
opposed to the deduction from work of Tschugaeff, Haller, Walden, 
and others, and, indeed, also from. Rupe's own work on this subject, 
namely, that unsaturated groups (phenyl group, double linking) tend 
: to enhance optical rotation. For example, Rupe finds that J-menthyl 
feqrotonate has [a] D -91*06° in bonzene solution, whereas ibmentbyl 
^butyrate has [a] 0 —70*56°, the elimination of the double linking 
lowering the rotatory power in this case. Again, Frankland and 
Slafcor (Trans., 1903, 83, 1349) show that d-tartranilide has a higher 
dextrorotation than has d-tartramide, and that aromatic groups raise 
^he rotation of the latter compound very considerably. Finally 
Another example of the same effect, and a vgry striking one, is 
the comparison between p-hydroxyphenyliminocamphor, 

c 8 h 14 <Jo N - C6H ‘-° H 



^ . , Xriuo 

$9, 95, 942). • VV. 

i the course of his important work in this field, Kupe emph 
I depression in rotation exerted by the displacement of a methfllf 
;* phenyl group, thus : 
m [a] 0 in 

J-Meuthyl esters of the acids. benzene solution. 

CH^CMe'COaH _9i 76° 

CH a :CPh*C0 2 H 63*03 

CMejiCH'COuH 88-60 

CMePh:CH*Cf0 2 H 65-89 

CPh 2 :CH*C0 8 H 37*92 

sThese figures are quoted here for comparison with the v&itggp 
sbtained for the glycols : 

Md in 

^-Glycols. acetone solution. 

OH’CHPh^CMvOH -21*6° 

OH-CHPh-CMePh-OH +34*0 

OH*CHPb*CEtPh‘OH +27*4 

OMe*CHPh*CPh 2 *OH + 185*3 

OH’C H Ph * CPh/O H +221*3 

The latter compounds are, of course, of a very different type from 
those of Rupe, and it is of interest that the effect of the phenyl gi*oup 
i# so pronounced. 

Experimental. 


Action of Magnesium Methyl Iodide on \-Bmzoin. 

The Grignard reagent, prepared from 1*4 grams of magnesium > 
(4 mols.), 7*8 grams of methyl iodide (4 mols.), and 50 c.c. of ether, was 
cooled in ice-cold water, and 3 grams of finely-powdered ^-benzoin 
' {1 mol.) were added in small quantities at a time. The action was 
vigorous. After the mixture had been boiled gently for three hours, 
was decomposed in the usual manner by ice and dilute sulphuric 
acid, and the liberated glycol extracted with ether. After drying ths 
ethereal solution and removing the ether, the resulting viscid, browjjt-' 
product solidified whon stirred with a small quantity of carbon^ 
disulphide. It was purified by crystallising from carbon disulphide * 
several times, 10 c.c. of solvent being used on each occasion, until its 
rotation was constant. 

1-a fi-Dikydroxy^fi-diphenylpropane, OH*CHPh*CMePh*OH, 
fttes from carbon disulphide as a colourless, amorphous solid, ana 
melts at 81 — 82°, It is very readily solublo in boiling carbmi '■} 
disulphide, and sparingly so in the cold solvent. It is very 
readily soluble in cold benzene, methyl alcohol, ethyl alcohol, ether, or 
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acetone, and leas wp in n»fi|. 

in boiJicg'light pecif oleum (b. p. 60-^80°), se^raHng'oh 4 cooling. ft 
is Y0iy Sparingly soluble in water. It gives a violet coloration v^th 
cold concentrated sulphuric acid. 

; ' For analysis, the glycol was dried at 78° until constant in weight • 
f^-1175 gave 0-3383 CO* and 0-0743 H*0. C-78‘5 ; H»M. ‘ ' 

C 15 H 16 0 2 requires C-78*9 ; H = 7*l per cent. 
p^The specific rotation was determined in acetone solution, the glyco] 
hiving been dried at 78° : 

|f Z=2, c« 1*648, «o 8 + 1*12°, [a]if 5 +34*0°. 

No racemisafcion was observed with the solution of the glycol in 
alcoholic potash. 

Action of Magnesium Methyl Iodide on r -Benzoin, 

Since a second asymmetric carbon atom is generated by the action 
of magnesium methyl iodide on benzoin, the behaviour of r-benzoin 
was studied in order to find out if only one glycol is formed. The 
experiment indicated that, if an isomeric glycol is produced, it can be 
present only in small amount. 

Twelve grams of r-benzoin were gradually added to the Grignard 
reagent, prepared from 5 ‘5 grams of magnesium, 30*3 grams of 
methyl iodide, and 100 c.c. of ether. The crude product, obtained as 
in the previous experiment, amounted to 1 2*5 grams. After one 
crystallisation from carbon disulphide, the glycol melted at 
103*5 — 105*5°, and the yield was 11*5 grams. After a second 
crystallisation from the same solvent, the compound was pure. 

Inactive a/^dihydroxy-a/3-diphenylpropane separates from carbon 
disulphide in colourless needles, and melts at 103*5 — 104*5°. It is less 
soluble in carbon disulphide or light petroleum than is its Z-isomeride. 
When dried in a vacuum over sulphuric acid at the ordinary tempera- 
ture, it retains persistently small quantities of solvent. For analysis, 
it was accordingly dried at 78° until constant in weight : 

0*1223 gave 0*3520 CO* and 0 0764 H*0. C = 78*5; H = 7*0. 

Ci 5 Hi 6 0 2 requires 0 = 78*9 j 11 = 7-1 per cent. 

The preparation of this glycol has also been described by Tiffeneau 
and Dorlencourt (Ann. Chim. Phys., 1909, [viii], 16, 237), who give 
the melting point as 104°. There is also no evidence in the work 
recorded by these authors of the formation of a second isomeride. 

Action of Magnesium Ethyl Iodide on \- Benzoin. 

tiFout grams of Z-benzoin (1 mol.) were treated with magnesium ethyl 
iodide, obtained from 1*8 grams of magnesium (4 mols.), 11*8 grams of 
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et jyl iodi4^|l ; iioig^ai3^6 crude djphenylethyl 

glycol (4*3 'grams) was crystallised from successive small quantities of 
^jbon ditfhlphide. The first crop obtained melted sharply, and, when 
(jned at 78° until constant in weight, gave the following value for its 
gpgciiic rotation in acetone solution : ^ 

1*288, a D +0*64°, [a] D +24*8°. - 


After a second crystallisation, the melting point was the sanu? 
4 S before, but the value for the specific rotation determined as, 
before was somewhat higher. The concentration, however, was 


U2,c = 4*674, ah 17 + 2*56°, [a# 7 + 27*4°. 

The value obtained after another crystallisation was practically 
identical with this. 

\i\-ap-Dihydroxy-afi-diphenylbutane, OH‘CHPh*CEtPh*OTI, separates^ 
from carbon disulphide in colourless prisms, capped by pyramids, 

, and melts at 96*5 — 97*5°. It is very readily soluble in boiling carbolic, 
disulphide, and sparingly soluble in the cold solvent. It is soluble 
with difficulty in light petroleum or water. It is easily soluble in cold - 
; acetone, ethyl alcohol, benzene, chloroform, or ether, and less so 
in carbon tetrachloride. Its solution in cold concentrated sulphuric^' 
acid is magenta-coloured, and becomes green on heating. 

For analysis, it was dried at 78° : 

0*1509 gave 0*4366 C0 2 and 0*1018 H 2 0. C = 78*9; H = 7*5. 

C 16 H 18 0 2 requires C=79*3j H = 7*5 per cent. 

The value for the specific rotation in acetone solution is +27*4°, as 
given above. In ethyl-alcoholic solution : 

Z = 2, c = 2*883, a 1 * 25 +1*13°, [«J« + 19*6°. 

( In chloroform solution : 


J = 4, c= 2*044, ajf +0*26°, [a]L 05 +3*2°. 

The corresponding inactive compound has been prepared by Acree 
{Amer. Chern . J. y 1905, 33, 193). It melts at 115 — 116°. 


When the J-glycol was dissolved in ethyl-alcoholic potassium 
hydroxide, no racemisation was detected. Thus 0*2977 gram, when' 
made up to 10 c.c. in cold alcoholic potash (0*104A r ), had a D + 1*20° iiu 
a 2-dcm. tube. This value did not alter during twenty-five hours at 


3 temperature of the laboratory. 


Action of Magnesium Phenyl Bromide on 
1 -Benzoin. 


\-Mandelate and bft 

M 


A solution of methyl £-mandelate (8 grams) in ether (50 c.c.) was 
siphoned within an interval of eight minutes into a solution of the 
Orignard reagent, prepared from magnesium (4*6 grams), bromobenzene 
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i m the usual manner. TW resulting- brown solid' was 
[ several times from methyl alcohol until its rotation ii 

H+ ..■ _ ■*? 

Ifor analysis and determinations of its specific rotation, the glyool 
8 dried at 100° until constant in weight. It retains methyl 
|>hol with considerable obstinacy, determinations indicating 
soever, that the alcohol iR not present in the air- dried product 
J definite molecular proportions. 

%l-afi-l)ihydroxy-afij34riphenylet]ianc (triphenylethy lene glycol), 


OH-CHPh-CPlyOH, 

Separates from methyl alcohol in colourless needles, and, after being 
feed at 100°, melts at 128—129°, the melting point of the inactive 
jabmeride being 167° according to Acree { Ber ., 1904, 37, 2762). T®' 
active glycol is readily soluble in boiling methyl alcohol. It may also 
$8 crystallised from light petroleum, in which it is sparingly soluble. * 
It is practically insoluble in water, but dissolves with ease iu cold 
ftcetone, benzene, ether, or chloroform. It gives an emerald-green 
coloration when heated with concentrated sulphuric acid ; the solution 
becomes colourless in presence of excess of water, and a yellow tint 
Appears when an excess of alkali is added. These colour reactions are 
also exhibited by triphenylvinyl alcohol : 

0*1719 gave 0*5230 C0 2 and 0*0960 H 2 0. 0 = 83*0; H = 6*2. 

C 20 H 18 O 2 requires C = 82*7 ; H = 6*3 per cent. 

A determination of its specific rotation in acetone solution gave the 
result: 

J = 4, c = 1*0156, o]f 5 +8*99°, [a]jT +221*3°. 

Its rotation was also determined in chloroform solution : 

1 = 4, c= 1*3196, a l j + 12*33°, [ag +233*6°. 

It was of interest to find out if a dextrorotatory glycol would also 
!&£ obtained by the interaction of /-benzoin and magnesium phenyl 
p^omide. Finely-powdered /-benzoin (3 grams) was accordingly added 
dually to the solution obtained from magnesium (1 gram), bromo- 
|zene (8*1 grams), and ether (60c.c.), the Grignard reagent having 
t cooled previously in ice-cold water. After the addition of the 
eqin, the mixture was boiled gently for ninety minutes. The glycol 
folated as in the preceding experiment. On analysis : 

||43 gave 0*4085 C0 2 and 0*0758 H 2 0. C = 82*95 ; H = 6*3. 
C 20 H lg O 2 requires 0 = 82*7 ; H = 6*3 per cent, 
compound was identical with that obtained from methyl 
delate, as shown by determinations of melting point and 
station made with it. 
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examined . 

, , minutes 

violet coloration appeared atefirij 

wheii -tlie Elution was shaken, this became reddi&hrovl 
mixture was poured into 200 c.c. of water, and the precipitate 
fycol filtered and dried. Polarimetric examination in acetobJi 
Ration showed that the glycol had remained unracemised eve\ 
^er this drastic treatment with alkali. 


Action of Magnesium Methyl Iodide on Methyl l-Mandelate. $ 

» A solution of methyl J-mandelate (7 grams) in ether (40 c.c.) waif 
Isiphoued within an interval of ten minutes into an ice-cold solution of 
e (xrignard reagent, prepared from magnesium (4*4 grams), methyl 
(Hide (26*1 grams), and ether (50 c.c.). The crude product obtained 
a the usual manner was an oil, which was dried and obtained crystal! 

e by being stirred with light petroleum. After two further crm 
allisations from light petroleum containing a little ether, the glycof! 
|w&s obtained pure. 

H lo.fi-Dihydroxy-a-phenylisobuiane, OH , CHPh , CMe. 2 *OH, melts f*| 
133*5— 35°. It gives an orange coloration with cold concentrate^ 
r sulphuric acid, and the solution becomes strongly fluorescent when 
; 'fanned : 

0*2657 gave 0*7000 C0 2 and 0*2029 H s O. C = 71*9 ; H = 8*5. 

>■ ^ 10 ^ 14^2 requires C = 72*2 ; H=s8*5 per cent. 

Its specific rotation was determined in acetone solution : 

1 = 2 , c= 2*7352, a” -1*18°, [a]L s -21*6°. 


Action of Thionyl Chloride on \- Benzoin and on Inactive Triph&nyt- 
ethylene Glycol. 

- The action of thionyl chloride on J-beDzoin was studied in the hope 
obtaining optically active desyl chloride, but racemisation oc*urrec| 
to the displacement of the hydroxy-group by chlorine. £-£enzoh^ 
[3*2 grams) was covered with thionyl chloride (3*5 grams). Tfe$| 
evolution of hydrogen chloride began at the ordinary temperatui$a| 
'whilst the product gradually became liquid. After three hours, 1 
temperature was raised gradually from 15° to 55° during the cooi.^ 
frro hours, when very little action appeared to take place. At 1 
hydrogen chloride was again evolved somewhat briskly, 
temperature was then raised to 90°. The dark reddish-brown liqhl 
became semi-solid when placed over soda-lime in a vacuum. Aft< 
some days, the specific rotation of the product in acetone solution wafijf 
“9*7°, but this activity may have been due to a little unchanged 
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benzoin. Afta* threeej^stjyiil^^ alcohol d 

chloride, melting at 66—68°, was obtained, "ThiswaB quite inactive 
when examined polarimetrically. 

Thionyl chlorido (28 grams) was added to inactive triphenyIethy]e Qf , 
glycol (5 grams) prepared from r-benzoin according to Aeree (loc c i t \ 
The glycol dissolved within fifteen minutes at the ordinary tempeia 
ture, the red solution slowly evolving hydrogen chloride. The 
temperature was raised slowly to the boiling point of thionyl chloride 
during one hour, and maintained at this point for two hours longer 
After drying over soda-lime in a vacuum, the resulting solid wag 
crystallised twice from light petroleum (b. p. 60 — 80°). The compound 
obtained in this manner was quite free from chlorine, and its melting 
point (135—136°) and analysis showed that it was triphenylvinyl 
alcohol : 

0T654 gave 0-5352 C0 2 and 0 0889 H 2 0. C = 88'2 ; H = 6 0. 

C 20 H 16 O requires 0 = 88-2 ; H = 5*‘9 per cent. 

Triphenylvinyl alcohol has been prepared by Delacre (Bull, Soc 
chim ., 1895, [iii], 13, 857 ; compare also Saint-Pierre, Bull. Soc . chirn. 
1891, [iii], 5 , 292; Gardeur, Bull. Acad. roy. Bel$. } 1897, [iii], 34, 67)| 
who employed the Friedel-Crafts’ reaction with trichloroacetyl chloride 
and benzene. The proof, however, that the compound in question was 
triphenylvinyl alcohol, CPh 2 :CPh-OH, and not triphenylethanone, 
CHPlyCOPb, was supplied by Biltz ( Ber ,, 1899, 32, 650). Anschiitz 
and Forster (Annalen, 1909, 368, 89) have observed recently that 
triphenylvinyl alcohol is formed by the interaction of acetylmandelyl 
chloride, benzene, and aluminium chloride, whereas the formation of 
benzoin acetate might have been expected. The same authors also 
prepared the vinyl alcohol from desyl chloride, benzene, and aluminium 
chloride. 

The action of fuming hydrochloric acid on inactive tripheoylethylene 
glycol is similar to that of thionyl chloride. Three grams of the 
glycol were added to 40 c.c. of aqueous hydrochloric acid, saturated at 
0°. After several weeks in a stoppered bottle at the ordinary 
temperature, the product was diluted with water, and the solid 
crystallised twice from ethyl alcohol. It melted at 1 35*5 — 136*5°, and 
when it was mixed with an equal amount of the glycol, obtained by 
the aid of thionyl chloride, the melting point did not change. 

Inactive (3-Hydroxy~a-methoxy-afi{3-tripkenylethane. 

Meikylation of Inactive Tripkeny le l hylene Glycol . — Four grams of thi 
inactive glycol (1 mol.) were added to 9*6 grams of silver* oxidt 
(3 mols.), 24 grams of methyl iodide (12 mols,), and 35 c.c. of acetone 
The mixture was boiled gently for six hours and filtered. The solven! 
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was removed filtrate, ahd the product again alkylated with 

half the above q&antities of oxide and iodide. The product obtained 
in this manner was crystallised once from much light petroleum (b. p. 
$0—80°), aDd then twice from methyl alcohol : 

0*1166 gave 0*3557 C0 2 and 0*0675 H 9 0. C = 83*2 ; H = 6 5. 

0*3284 „ 0*2392 Agl; OMe= 9-6. * 

<W>. requires 0 = 82*9 ; H = 6*6; OMe = 10*2 per cent. 

This compound is obviously a monomethyl derivative of triphenyl- 
lt hylene glycol. The following experiments showed that it 
1 . hydroxy - a - methoxy - a/3/3 - triphenylethane, and not a -hydroxy- 
^methoxy-a^/3-triphenyIethane. 

Action of Magnesium Phenyl Bromide on Inactive Benzoin Methyl 
Ither. — The Grignard reagent, prepared from 0*4 gram of magnesium 
i; (1*3 mols.), 2*5 grams of bromobenzene (1*3 mols.), and 14 c.c. of„ 
ether, was boiled gently for two hours with 2*7 grams of inactive 
benzoin methyl ether (1 mol.). The product, obtained in the usual' 
manner, was a crystalline solid, and amounted to 3*2 grams. After 
two crystallisations from much ethyl alcohol, /?-hydroxy-a-m ethoxy- 
ajS/Hriphenylethane, melting at 139°, was obtained. Its identity with 
the compound prepared from triphenylethylene glycol was shown by 
the melting point of a mixture of the two, and by the analysis : 

0*1818 gave 0*5510 C0 2 and 01080 H 2 0. C = 82*65 ; H = 6*6. 

^ 2 i^ 2 oOj squires C = 82*9 ; H = 6*6 per cent, 

Action of Magnesium Phenyl Bromide on Inactive Methyl Phenyl- 
mihoxy acetate. — Inactive phenylmethoxyacetic acid, 
C 6 H 6 ‘CH(0Me)-C0 2 H, 

was prepared by the interaction of sodium methoxide and methyl 
phenylchloroacetate. It was isolated by the aid of its sparingly 
soluble sodium salt (compare McKenzie, Trans., 1899, 75, 753), and 
then esterified by means of methyl alcohol and sulphuric acid. 
Eighteen grams of methyl ester, boiling at 118 — 119°/8 mm., were 
obtained from 20 grams of acid. 

Five grams of the methyl ester (1 mol.), dissolved in 40 c.c. of 
ether, were added to a solution of 2 grams of magnesium (3 mols.) inji 
132 grams of bromobenzene (3 mols.) and 40 c.c. of ether within an 
interval of six minutes. The crude product obtained by decomposi- 
tion of the additive compound was crystallised twice from ethyl, 
alcohol. The yield of pure methoxy-glycol amounted to 5*4 grams. 

* It was identical with the products obtained from triphenylethylene 
glycol and benzoin methyl ether respectively. 

Inactive P-hydroxy-a-melhoxy-afifi-triphenylethane , 
OMe‘CHPh*CPh 2 *OH, 

melts at 138*5 — 139*5°. It is fairly soluble in boiling ethyl alcohol, 
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and*' sparingly sorin' alcohol i D 

colourless^ prisms: It may also b£ crystallised SwgB light ' petroleum 
Jb. p. 60—80°), in which it is fairly soluble on heating. It i s f^j 
jjwluble in cold ether, easily so in cold acetone, or chloroform, somewhat 
3ess readily so in cold carbon tetrachloride, and sparingly soluble in 
iv&tan It gives a colour reaction with concentrated sulphuric acid 
Himilar to that of Z-triphenylethylene glycol. 


■ , l-ft-Hydroxy-a-methoxy-apfi ■ triphenylellume. 

Action of Magnesium Phenyl Bromide on Methyl l-Phenylmetfmyi 
f acetate . — Methyl ^-mandelate was alkylated with silver oxide and 
methyl iodide, the mixture of methoxyester and unchanged methyl 
mandelate saponified, and the resulting acid converted into sodium 
*ealt. Since sodium /-phenylmetkoxyacetate is sparingly soluble in 
' water (McKenzie, loc. cit.) t it can be separated readily from the sodium 
mandelate present. 

7-Phenylmethoxyacetic acid, obtained from the sodium salt, had 
Mo - 150‘I° for c = 3*597 in ethyl-alcoholic solution, the value quoted 
previously being [a]™ -5 - 150*0° for e = 6*7656. 

ifr.' - J-Phenylmethoxy acetic acid (10 grams) was converted into its methyl 
ester by the Fischer-Speier method, using methyl alcohol and sulphuric 
acid. The yield was 8*5 grams. 

Methyl l-pAe?i2/^mei/iox2/rtceia^,C 6 H 5 , CH(OMe)*C0 2 Me, is a colourless 
oil, which boils at 117*5 — 1 18°/8 mm. : 


0*2885 gave 0*6988 C0 2 and 0*1775 H 2 0. 0 = 66*1 ; H = 6*9. 

C 10 Hi 2 O 8 requires 0 = 66*6; H = 6*7 per cent. 

The following determinations of specific rotation of this ester in 
various solvents were made for comparison with the activity of methyl 
^-mandelate In carbon disulphide solution : 

Z = l, c = 2*93, ajf 5 - 2*98°, [a]jf 5 -101*7°. 

In acetone solution : 

1 = 4, c = 2'6948, -10*38°, [a]l? -96*3°. 

In benzene solution : 


?= 4, c = 2*0968, aj -8*32°, [ a ]J -99*2°. 

A solution of methyl £-methoxymandelate (5 grams, 1 mol.) in ether 
(40 c.c.) was siphoned with constant shaking within an interval of 
aix minutes into a solution of the Grignard reagent (3 mols.) prepared 
from magnesium (2 grams), bromobenzene (13*2 grams), and ether 
(40 c.c.). Towards the end of the addition a bulky precipitate 
^separated, which became grey on warming. The mixture was heated 
for two hours. The crude product resulting from the action amounted 
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.to « alcohol, the 

compouna is pure.' v r *" "•:•• ■ -j/ , . 

I - fi-ff ydroxy-a-methoxy-afifi-trvphenyl ethane, OMe-CHPh-CPlyOH, 
separates from ethyl alcohol in colourless needles, grouped in rosettes, 
a nd melts at 143 144°, Its colour reaction with concentrated 
sulphuric acid is similar to that of the inactive isomeride : 

0*1459 gave 0*4423 CO„ and 0*0852 H 2 0. C = 82*7; H = 6*5 
0*2397 „ 0-1742 Agi. OMe = 9*6. 

^n*® 2 Q^s r ® ( l u * res 0 = 82*9 ; H — 6*6 • OMe = 10*2 per cent. 

Its- specific rotation was determined in a number of solvents. Jin* 
acetone solution : 

1=1, c = 5*428, ajjf + 10*06°, [a]lr + 185*3°. 

In chloroform solution : 

c= 4*579, a}, 3 + 10*76°, [a]! 3 +235*0° 

In benzene solution : 

l=hc = 3*667, a» D + 10*8°, [af D + 294*5°. 

In ethyl -alcoholic solution : 

^ = 4, c = 10176, a® + 6*77°, [a]J> +166*3° 

The glycol is sparingly soluble in cold ethyl alcohol. It may also be 1 

crystallised from methyl alcohol or light petroleum (b. p. 60 80°). It 

is easily soluble in cold acetone, chloroform, carbon tetrachloride 
ether, or benzene, and sparingly so in water. 

Methylation of \-Triphmykthylene Glycol— Seven grams of £triphenyl- 
ethylene glycol (1 mol.) were heated with 11*2 grams of silver oxide 
(2 mok), 42 grams of methyl iodide (12 mols.), and 10 c.c. of acetone 
during seven hours. The alkylation was found, however, to be 
incomplete even after a second alkylation under the same conditions 
as before. After a third alkylation, the product was crystallised until 
its rotation was constant, four crystallisations from light petroleum. 
beiDg necessary. The glycol obtained in this manner was identical! 
with ty3-hydroxy- a -methoxy-a$3-triphenylethane described above. Ifi] 
melted at 143— 144°, and its identity was confirmed by the mixedj 
melting-point method. A determination of its specific rotation in 
acetone solution gave the result : 4 

1 = 2, c = 2*885, aj, 3 + 10*68°, [*]$ + 185*1°. I 

No racemisation was detected with the solution of this glycol, 
a alcoholic potash. 0-254 Gram was made up to 25 c.c. with 
'168A"alkali. This solution gave a D +6-84°, a value which had not 
Ranged after twenty hours at the ordinary temperature. 

kk2 
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LIU. — The Synthesis of A 1 -cyclo Penteneacetic Acid and 
1 ~ Methyl- A 2 -eyc\ohexene-3 -acetic A cid. 

By Victor John Harding and Walter Norman Haworth. 

A short time ago, Harding, Haworth, and Perkin {Trans., 1908 93 
^4943) published an account of a series of experiments on the constitu- 
tion and synthesis of l-methylcyc^ohexylideoe-4-acetic acid. In the 
course of this investigation a convenient method for the preparation 
of unsaturated cyclic acids was discovered, and the present authors 
have continued the work in this direction. 

In the previous communication ( loc . cit.) it was shown that the con- 
densation of ethyl sodiocyanoaeetate with cyclohexanone and 1-methyl- 
cycfohexan-4-one gave products which, on hydrolysis, yielded deriv- 
atives of acetic acid containing the double bond in the ring. In the case 
of l-methylcycfohexan-4-one, 1 -methyl- A 3 -cyc/ohexene-4-acetic acid (I) 

CHMe<j^^>C-CH,-C0 2 H CHMe^g^gO^CH-COjH 

(I.) (II.) * 

is produced. The isomeric l-methylcyc/ohexylidene-4-acetic acid (II), 
an acid first prepared by Perkin and Pope (Trans., 1908, 93, 1075; 
compare also Wallach, Annalm , 1909, 365, 266), is not formed in any 
appreciable quantity. The products of the condensation of cyclo- 
hexanone and ethyl sodiocyanoaeetate were also investigated, and it 
was shown that in this case a mixture of the two isomeric acids : 

CH ^H^ C ^ C ' CH 2- C °2 H CH 2<OT^Ch’> C:CH ’ C 0 2 H 
was produced (Harding, Haworth, and Perkin, loc. cit., p. 1961), the 
latter acid being present, however, only in small amount. 

This fact is worthy of note, since there is no evidence of the forma 
tion, even in traces, of l-methylcycfohexylidene-4-acetic acid during th( 
condensation of l-methylcycfohexan-4-one and ethyl sodiocyanoaeetate, 

It is clear that in the latter case the cyano-ester obtained from tin 
cyclic ketone and ethyl cyanoacetate, whether piperidine or sodium 
ethoxide is used as the condensing agent, consists almost entirely oi 
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the derivative with 1 the double linking in the ring. This was farther 
proved by the observation that, when treated with" methyl iodido or 
bromoacetophenone, substitution derivatives were readily formed (loc. 
eil., p* 1 958) in almost quantitative yield. In the present communica- 
tion the authors have extended their investigation to cyc/opentanone 
a nd inactive l-methylcycfohexan-3-one. 

The condensation products of eyefopentanone are particularly inter- 
esting, because in this case the resulting ester is solid, whereas in the 
case of six-membered rings it is a liquid. This fact has enabled the 
£ authors to remove all doubt as to the nature of the reaction, since they 
have found that, prepared either by means of ethyl sodiocyanoacetate 
or the free ester and piperidine, the cyano-ester obtained is, the same. 

cyc/oPentanone condenses readily with ethyl sodiocyanoacetate with 
the formation of ethyl a-cyano-^-cycfopentene-l-acetate, 

CH — CH 

iH’.CH> C ' CH ( CN >-°°2 Et . 

and a-cyano-A^cycfopentene-l-acetic add. The methyl ester is obtained: ■ 
in a similar manner from methyl sodiocyanoacetate and cydopentanone, 
and is also crystalline. Both these cyano-esters may be methylated V 
by treatment with sodium methoxide and methyl iodide. a-Cyano- 
A^cycJopentene- 1 -acetic acid decomposes on distillation under 
diminished pressure with elimination of carbon dioxide and formation 
of A 1 -cycfopenteneacetonitrile, 


9H -CH 

CH 2 -CH,f 002 CN ’ 

from which, by digestion with alcohol and sulphuric acid and 
subsequent hydrolysis, A^cycfopenteneacetic acid is obtained. 

This acid had previously been prepared by Wallach (Annalen, 1902, 
323, 159, and 1906, 347, 324), who obtained it by the condensation 
of eyefopentanone and ethyl bromoacetate in presence of zinc, and 
subsequent elimination of water from the hydroxy-ester by means of 
potassium hydrogen sulphate. When the hydroxy-ester is treated 
with hydrobromic acid it yields ethyl 1-bromocycfopentane-l-acetate, 

and this is decomposed by dimethylaniline with the formation of ethyl 
A 1 cycfopenteneacetate. In order to remove all doubt as to the con- 
stitution of this acid, the authors have, with the kind permission of 
Prof. 0. Wallach, prepared the isomeric cycfopentylideneacetic acid 
(IV) by digesting the ^-hydroxy-acid (III) with acetic anhydride : 

^~ 2 ‘ CH2 >c( 0 H)-cH 2 -ca 2 H 


CH,-OH„' 


(in.) 


(IV.) 
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Thf latter s^gyields cjfdopentanose on' oxidatiotTiwith alkaliDe 
permanganate, and its formation by the above method is exactly 
similar to that of l-methylcycfobexylidene-4-acetic acid from 1 -methyl, 
i-hydroxycjdbhexane-d-acetic acid. 

The condensation of 1 methylcyc^ohexan-3-one with ethyl sodio- 
cyanoacetate proceeds quite readily, with the formation of an ester 
^hich may havo either of the following constitutions : 

CH a<CKj— ^ c C ^>C-0 H (CN)- c ° 2 Et 

c H s .<CH^!l C C H 2 > C,CH ( CN )-C° z Et > 

and it has not yet been found possible to decide between these, but in 
. this paper wo assume that it has the former. The cyano-acid obtained 
'from the hydrolysis of this ester lose3 carbon dioxide when distilled 
under diminished pressure, with the production of l-methyl-A z -c^o- 
hexene- 3-acetonitrile. 


<».<g5^XKn t -(nr. 

When this nitrile is hydrolysed it yields the corresponding acid, 
which was found to melt at 25°. Wallach ( Annalen , 1901, 314, 157 * 
§1906’, 347, 340), by the condensation of l-methylcycZohexan-3-one with 
ethyl bromoacetate in presence of zinc, and the subsequent elimina- 
tion of water from the hydroxy-ester, obtained a liquid acid, the amide 
of which he first found to melt at 150°, but in a later paper he gives 
153 — 154° as the true melting point. The amide of the acid which 
we have prepared was found to melt at 150°, but we do not think 
there can be any doubt as to the identity of the two acids. The 
possibility that this acid contains the ethylenic linking outside the 
ring, and is, therefore, 1 -methylcydohexylidene-3-acetie acid, may be 
dismissed, since the cyano-ester, from which it is produced readily, 
gives on treatment with sodium methoxide and methyl iodide a methyl- 
substituted derivative which passes on hydrolysis and distillation into 
the corresponding nitrile (V). 


CH 2 <^^ni?>C*CHMe-CN CH 2 <^^ C ®>CHMe-C0,H 


s, OH 2 — CH 2 ' 

(V.) 


CH ? 

(VI.) 


This nitrile can be further hydrolysed only with difficulty to the 
corresponding a-l-mebhyl-A^cycfohexene 3-propionic acid (Yl), whichis 
a liquid. The authors have also attempted to prepare alicyclic phenyl- 
acetic acids by condensing cyc/ohexanone and l-methylcyc/ohexan-4- 
one with phenylacetonitrile in the presence of sodium ethoxide. The 


GH 2 <^g*. c C g>C-GHPh'CN 


CHMe<p® 2 .i-^C-CHPh-CN 
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-.jje ©asil^i^fe&^in ^etH^d by which they 

bo hydrolysed to the corresponding acids ^bas been found/' All 
Attempts to hydrolyse these nitriles resulted in the production of the 
Original ketone and phenylacetic acid. 


Experimental. 

a-Cyano-j\ l -cyc\openteneacetic Acid , 

S£~Oh/ C ' CH(CN) ' CO * H ’ 

and its Ethyl Ester. 

jr In preparing ethyl (z-cyano-A^eycZopenteneacetate, ethyl cyano-^ 
Acetate (56 grains) was added to a solution of sodium (11*5 grams^in^ 
.alcohol, and, after the separation of the white sodium derivative/ 
^opentanono (42 grams) was then introduced. The sodium deriv- 
ative rapidly dissolved, leaving a clear solution, which was heated fori 
hour on the water-bath, and the yellow solid which had separated^ 
was dissolved in jvater and decomposed by dilute hydrochloric acid.^ 
The precipitated oil was extracted with ether, the ethereal solution! 
washed with water, and then shaken with sodium carbonate, dried ? "1 
and evaporated. The residual oil on fractionation yielded a small \ 
quantity of cycZopentanone, and then ethyl a-cyano-A 1 -cycZopentene-1 
acetate distilled over at 163— 165°/15 mm. as a viscid, colourless oil \ 
which, when pure, solidified in colourless needles, melting at 54° : 

01230 gave 0*3021 C0 2 and 0*0811 H 9 0. C = 67*0 ; H = 7*3. 

01373 „ 9*1 c.c. N 2 at 16° and 761 mm. 17=7*7. 

C 10 H 18 O 2 N requires C = 67*0; H = 7*3 ; N = 7*8 per cent. 

The sodium carbonate extract on acidifying yielded an oil which was 
extracted with ether, and, after evaporation of the solution, the residue 
rapidly solidified. The solid acid was pressed on porous porcelain, and 
then recrystallised from benzene, or, better, from anhydrous ether, 
from which it separates in large, colourless prisms, melting at 129° : 

01301 gave 0*3029 C0 2 and 0*0682 H 2 0. C = 63*4 ; H = 5*8. 

01020 „ 8 0 c.c. N 2 at 18° and 760 mm. 17 = 9*1. 

requires C = 63'5 ; H = 5‘9; 17 = 9*3 per cent. 

a'Cyano-bd-cyclopenteneacetic acid is soluble in ether, benzene, ethyl 
acetate, or ethyl alcohol, but only sparingly so in light petroleum. It 
dissolves in dilute potassium hydroxide, and the solution soon clouds 
on warming, owing to the separation of cycZopentanone by decom- " 
.position of the acid. The potassium salt is sparingly soluble in 
concentrated alkali. 

The following is an alternative method of preparation with the aid 
of piperidine : 
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Equi molecular quantities of cyc/opentAnone and ethyl cyanoacetate 
were mixed with a few drops of piperidine, and the whole kept cold 
for four hours ; the condensation was completed by warming on the 
water-bath for an hour. The product was cooled and poured into 
water, when ethyl a-eyano-A^cycfopenteneacetate separated as a 
brown, crystalline solid, which was collected, freed from oil fey 
porous porcelain, and recrystallised from dilute ethyl alcohol, from 
which it separates in tufts of fine, silky needles, melting at 53—54°, 
the yield by this method being almost quantitative. 

Preparation of Methyl a-Cya,7io-& 1 -cy ehpenteneacetate, 

.. (a) With Sodium Melhoxide—cycloPentmone (8 grams) was added 
to methyl sodiocyanoacetate (12 grams), prepared in methyl-alcoholic 
solution, and the mixture was shaken and gently warmed for ten 
minutes. Water and dilute mineral acid were then added, and the oil 
was extracted with ether, washed with sodium carbonate, dried, and 
distilled, when methyl a-cyano-A^cycfopenteneacetate passed over as a 
colourless oil, boiling at 152°/17 mm. The ester gradually crystal- 
lised, on keepiog overnight, in colourless crystals, melting at 35°; it 
is soluble in most organic solvents, and is easily recrystallised from 
dilute methyl alcohol. 

(6) With Piperidine, — Equimoleeular proportions of cycfopentanone 
and methyl cyanoacetate were mixed with a few drops of piperidine, 
and the condensation was complete at the end of four hours. The 
product was poured into water, extracted with ether, and treated 
exactly as described under (a). The product was identical in every 
respect with that prepared by method (a) : 

0T682 gave 11 '8 c.c. (moist) at 14° and 740 mm. !N = 8’3. 

C 9 H n 0 2 N requires N = 8*5 per cent. 

Methyl aVyano-a- A^cyclo pentenepropionate, 

lZS>o-m^yco a u, 

This ester is prepared by the action of methyl iodide and sodium 
methoxide on ethyl a-cyano-A^cycZopenteneacetate. Sodium (2 grams) 
was dissolved in methyl alcohol, and to the cooled solution the cyano- 
ester (15 grams) was added. The mixture at once assumed a deep red 
colour, and methyl iodide (30 grams) was then added in small quantities 
at intervals, care being taken to avoid any increase of temperature. 
’After keeping for an hour, and then warming for a short time on the 
water-bath, the deep colour faded to yellow, and the liquid was pourec 
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jjjto water/; acidified, and extracted with ether, washed with sodium 
gjj.boaa.fce, dried, and evaporated. The methyl-substitution product 
jistils constantly at 160°/20 mm. as a colourless oil, with an odour 
jgsembling its lower homologue ; it showed no signs of crystallising 
eVeQ when placed in ice : 

■- 0-1279 gave 0-3156 C0 2 and 0*0889 H 2 0. C = 673; H = 7*7. 

C 10 H l3 O 2 N requires 0 = 67*0; H = 7*3 per cent. 

Hydrolysis. — The hydrolysis was effected by means of methyl- 
alcoholic potash, and the resulting cyano-acid was submitted to 
distillation under diminished pressure, when carbon dioxide was 
eliminated, and a nitrile, possessing an odour quite distinct from that 
of the lower homologue (see below), passed over at 123°/£>0 mm. The 
anatysis gave numbers which were approximately correct for 
a-A^ycfopentenepropionitrile. 


^}-cyc\oPentenmcetonitrile and bl-vycXoPenteneacelic Acid , 


V*V° H >c 

CHg-OHj 


•CH 2 ‘C0 2 H. 


When a-cyano-A^cycfopenteneacetic acid is distilled under 100 mm. 
pressure, it suffers decomposition with elimination of carbon dioxide 
and formation of A^cyc/opontoneacetonitrile. On refractionating the 
distillate, it was readily obtained pure as a colourless oil, possessing a 
pungent odour characteristic of a nitrile, and distilling at 124°/100 mm. 
or 150°/200 mm. : 

01080 gave 12*4 c.c. N 2 at 20° and 758 mm. N = 13*l. 

C^HgN requires N = 13*1 per cent. 

The hydrolysis of this nitrile was effected by digesting it for twenty- 
four hours with 20 per cent, alcoholic sulphuric acid, and, on cooling, 
nmmonium sulphate separated in crystals. After dilution with water, 
the product was extracted with ether, the ethereal solution washed 
with water until free from alcohol, and then with dilute sodium 
carbonate ; the residue obtained after evaporation of the ether con- 
sists of a mixture of ethyl A^cycfopenteneacetate with some unchanged 
nitrile, and this was distilled under diminished pressure. The mixture 
ffae now digested with methyl-alcoholic potash for half an hour, and, 
ifter the addition of water, the nitrile was removed by extraction with 
sther. The alkaline solution was evaporated, and, when cool, acidified 
with dilute hydrochloric acid. An oily acid was precipitated, which 
soon solidified, and, after remaining in contact with porous porcelain, 
it was purified by distillation under diminished pressure and analysed 
immediately : 

0*1220 gave 0*2968 C0 2 and 0*0859 H 2 0. C = 66*4; H = 7*8. 

C 7 H 10 O 2 requires C = 66*7 ; H = 7*9 per eent. 
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An analysis of the 

V,0 1440 gave 0 0660 Ag.' Ag = 45-\ " / ; 

r/ :.'^ 7 V C 7 H ft 0 2 Ag requires Ag = 46 3 per cent. 
i A^cfoPenteneacetic acid crystallises in colourless prisms, welting, 
ag found by Wallach, at 51—52°, and distils as a viscid oil at 132°/ 
C16 mm. (Wallach : 122°/11 mm.). It is readily soluble inmost organic. 
Solvents. After exposure to the air, it gives numbers on analysis 
JWhich are always low in carbon; this is due to oxidation at the 
Rouble linking, which takes place with greater ease than in the case 
-6f the sis-carbon-ring homologue (Trans., 1908, 93, 1960), and from 
-the point of view of comparative stability this observation is 0 f 
■•considerable interest. 

f 1 : 2-Dibromocj/c/openfcene-l -acetic acid melts at 87 — 88° (compare 
‘ Wallach and Speransky, Amialen, 1902, 323, 159). 
v '[.Bromocyciopcntancacetic acid was obtained by stirring the solid 
unsaturated acid with aqueous hydrobromic acid saturated at 0°. 
The product was poured on porous porcelain, and afterwards ie- 
crystallised from light petroleum, from which solvent it separates in 
nthin, colourless plates, melting at 76° : 

0-1770 gave 0-1625 AgBr. Br-39‘0. 

C 7 H n 0 2 Br requires Br = 38'7 per cent. 

CH *01-1 

cydoPentmiA-olacetic Acid, T“* ^ h >C(0H)’CH 2 -C0 2 H. 

Ethyl cycZopentan-l-olacetate, prepared as described by Wallach 
and Speransky ( Annaleii , 1902, 323, 159), was obtained as a viscid, 
colourless oil, distilling at 128— 130°/20 mm. (Wallach and Speransky 
give 105—107711 mm.). This ester was hydrolysed with methyl- 
alcoholic potash, and the hydroxy-acid extracted from the acidified 
solution by means of ether. On evaporation of the dried ethereal 
solution, the acid solidified, and was obtained pure by recrystallisation 
from a mixture of benzene and light petroleum, when it separated in 
colourless plates containing ^H 2 0, and melted at 76°. This acid is 
very soluble in benzene, ethyl acetate, chloroform, or alcohol, but 
‘ sparingly so in light petroleum or water : 

01176 gave 0-2370 C0 2 and 0-0920 H 2 0. C = 54-9 ; H = 8*7. 

C v H 12 0 3 ,|H 2 0 requires C = 54'9; H = 8-5 per cent. 

The silver salt was obtained in flat needles ' 

0-1960 gave 0-0840 Ag. Ag = 42-8. 

C 7 H u 0 3 Ag requires Ag = 43 0 per cent. 
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tkj/Wl -Bromocy cl opmthneaceUUe, 

S : cS> CBr,CH ^ C0 ^ Et ’ 

and Ethyl ^-oycloPeiiteneacetate. 

^ben ethyl c?/cZopentan-l-olaeetate is gently warmed in contact 
Jith a saturated solution of hydrobromic acid, the bromo-ester is 
ormed, and if the product is left not longer than twenty minutes in 
intact with the aqueous solution, it escapes hydrolysis to the corre- 
jonding acid. The heavy oil which is formed on the addition oi 
u-ater is extracted with ether, washed with water and sodium 
-arbonate, and then dried and distilled, when ethyl l-bromocyc\o- 
fyntanmcetate is obtained as a pleasant smelling, colourless oil, which 
listils at 142 — 143°/35 mm. 

Hydrobromic acid is readily eliminated from the above bromo- 
gter, and in the present case the process was carried out by digesting 
or two hours with twice its volume of dimethylaniline. On adding 
pater and acidifying with dilute hydrochloric acid, the base was 
^covered at the end of the operation, and the resulting unsaturated 
ster extracted with ether and purified by distillation, when it was 
ibtained as a colourless oil distilling at 1 Ol^/l 6 mm. This was analysed 
mmediately, with the following result : 

01375 gave 0*3550 C0 3 and 0*1111 H 2 0. 0 - 70*4; H-90. 

C g H 14 0 2 requires C — 70*1 ; H = 9*l per cent. 

This ester on hydrolysis gave the corresponding A 1 -cyc^pentene- 
icetic acid, m. p. 5 1 — 52°, which has already been described on 
i. 492. 

CH 'CII 

aycloBentylideneacetic Acid , » 2 2 ^>CICH*U0 2 H. 

C-tig'CIig 

In order to prepare this acid, c?/cZopentan-l-olacetic acid (6 grams) 
see p. 492) was digested for two hours with acetic anhydride 
8 grams), and at the end of this time the product was distilled in 
icurrent of steam and a large volume of distillate collected (Wallach, 
(nnakn, 1909, *365, 255). The distillate was saturated with 
immonium sulphate and extracted with ether, the ethereal solution 
fashed many times with water to remove acefic acid, and then dried 
iDd evaporated. The residue soon crystallised in long, slender needles, 
rhich melted at 61°. The acid decolorises cold permanganate solution d 
nstantly, with the formation of cycfopentanone. The silver salt prepared 
a the usual way was analysed : 

0*2170 gave 0*1007 Ag. Ag = 46*4. 

C ? H 9 0 2 Ag requires Ag — 46*3 per cent. 
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a-Cyano-bmethyl- A 2 -cyclotene-3-Ww Acid . 

CH 2 <^^! c C h>C , CH(CN)-C0 3 H i 

and its Ethyl Ester. 

AVhen l-methylcycfohexan-3'One is mixed in alcoholic solution with 
the sodium derivative of ethyl cyanoacetate in equimolecular quantities, 
condensation takes place in a similar manner to that described in the 
case of cycfopentanone on P* 489 if th® sanie conditions are 
observed. The product was diluted, acidified, extracted with ether, 
and washed with water and dilute sodium carbonate (4), The residue 
from the ethereal solution yielded a little unchanged 1-mefcbylcycfo- 
hexan-3-one on distillation under diminished pressure, also a small 
quantity of l-methyl-A 2 -^ohexene-3-acetonifcrile (see p. 495), and 
then ethyl a-cyano-l-methyl-A 2 -tt/cfohexene-3-acetate distilled over at 

168 169°/18 mm.- as a colourless oil, possessing a faint hut 

characteristic odour : 

0*1459 gave 0*3720 C0 2 and 0*1074 H 3 0. C = 69 5 ; H*=8*2, 
0*1588 „ 9*6 c.c. N 2 afc 90 an<i 744 mm. N-7*l. 

C 12 H 17 0 2 N requires C-69*6 ; H = 8*2 ; N-6*7 per cent. 

This eater can also be obtained in a better yield by employing eqni- 
molecular quantities of l-methylcycfohexan-3-one and ethyl cyano- 
acetate and adding a few drops of piperidine. Under the influence of 
this reagent, the condensation is complete in about two hours, and the 
mixture soon becomes turbid, owing to the separation of water. 
Towards the end of the operation the mixture was heated in a rapidly 
boiling-water bath. The resulting yellow oil was diluted with water, 
extracted with ether, washed well with dilute hydrochloric acid, dried, 
and distilled. The yield is about 60 per cent. 

The cyano-acid is obtained in excellent yield from the sodium 
carbonate washings (4) in the first condensation. The alkaline 
solution was acidified with dilute hydrochloric acid and extracted with 
ether, and the ethereal solution dried and evaporated. The residue 
consisted of a viscid, yellow oil, which was cooled in a freezing mixture, 
when it soon solidified. The solid was freed from -adhering oil by 
placing it in contact with porous porcelain, and afterwards recrystal- 
lised from benzene, from which it separates in short needles, 
melting sharply at 112° : 

0*1122 gave 0*2738 C0 3 and 0*0722 H 2 0. C- 66 9 ; H = 7*l. 
0T558 „ 10 9 c.c. N 2 at 21° and 760 mm, N = 7*9. 

CiqHiAN requires C - 67‘0 ; H= 7*2 ; N = 7*8 per cent. 

arCyano-1 methyl-^-c^Mexeneoacelk acid is insoluble in 
and slightly soluble in warm, water; it is also insoluble in 
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^jroleum, bat cUssolves witli considerable readiness iu alcohol, benzene, 
or ethyl acetate. In contact with concentrated alkali in the cold it is 
decompose^ formation of l-methyIc^cfohexan-3-one. It does hot 
jgact with hydrobromic acid to form an additive product. 


l-Methyl-^-cycloheotene-S-acetonitrile, 


ppr ✓’CHMe'CHvp.pii 
LM 2 < V(JH„ — CH, l 


■CN. 


This nitrile is prepared by the slow distillation of a-cyano-l-methyl- 
j\ 2 -cyc?ohexeneacetic acid under a pressure of 90 mm. The operation 
is accompanied by the elimination of carbon dioxide, and the nitrile 
passes over as a light mobile liquid between 150° and 160°. It was 
purified by redistillation, when it boiled constantly at 152°/90 mm. 
(Wallachand Beschke, Annalen, 1906, 347, 341, give 108 — 112°/10 mm. 
and 230 — 234° under atmospheric pressure), and was obtained as 
a colourless oil, possessing a powerful nitrile-like odour : 

0-1473 gave 0-4300 C0 2 and 0‘1276 H 2 0. C = 79*6 ; H = 9-6. 

0*1141 „ 10*4 c.c. N 2 at 20° and 758 mm. N = 10'4, 

C 9 H 13 K requires 0 = 80*0; H = 9’6 ; N = 10*3 per cent. 


1 - Methyl-& 2 -cyc\ohexene-3-acetic Acid, 

^^=>0^,00^ 

The hydrolysis of the above-mentioned nitrile was carried out under 
the following conditions : 

The pure nitrile, boiling constantly at 152 D /90 mm., and prepared 
from recrystallised cyano-acid, m. p. 112°, was digested for twelve 
hours with 10 per cent, alcoholic sulphuric acid. The mixture on 
cooling was poured into water, the precipitated oil extracted with 
ether, and the ethereal solution dried and evaporated. The residue 
consisted of ethyl l-methyl-A 2 -C2/c?ohexene-3-acetate, along with some 
unchanged nitrile, and this mixture was distilled under 100 mm. 
pressure and then warmed for fifteen minutes with methyl-alcoholic 
potash. The product was diluted with water, and the nitrile removed 
by extraction .with ether. The aqueous solution was evaporated 
gently, and then acidified, when the acid separated as an oil, which 
was dissolved in ether and afterwards distilled. It boiled at 
152 — 158°/20 mm., but was still further purified by solution in ether, 
extracting by means of sodium carbonate, and again recovering from 
the alkaline solution. It now distilled constantly at 149°/14 mm., and 
when cooled in ice rapidly solidified to a mass of fern-shaped crystals. 
These were drained on an ice-cold porous tile, and the adhering oil was 
absorbed, leaving the acid as lustrous crystals, which melted about 25°. 
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ml 'p.;4l°, Obtained by Marek- 
Vald and Meth (see introduction), and A 1 cyc/ohexeneacetic acid, 
m. p. 38° : 

& 0-1520 gave 0*3879 C0 2 and 0*1270 H 2 0. C«69*6; H = 9-2. 
p ' C 0 H 14 O 2 requires C - 70*1 ; H = 9*1 per cent, 

fe lts basicity was determined by titrating with Nj 10-sodium 
hydroxide : 

0*2658 neutralised 0*0696 NaOH, whereas the same weight of 
11 * a monobasic acid, C 0 H U O 2 , requires 0*0690 NaOH. 

It is exceedingly probable that the above acid, m. p. 25°, is identical 
with the oily acid previously obtained by "Wallach and Sal kind 
(Annalen, 1900, 314, 151 ; compare also T6try, Bull Soc. chirn ., 1902 
[iii], 27, 598, and Wallach and Beschke, Annalen , 1906, 347, 340). 

The amide of this acid was prepared by digesting l-methyl-A^cfo 
hexene-3-acetouitrile with alkali. It crystallises from ether ii 
glistening, silvery plates, molting at 150°, Wallach and Beschki 
( Annalen , 1906, 347, 340) give the melting point of this amide a 
153—154°: 

0*1395 gave 11*2 c.c. N 2 at 14° and 760 mm. N = 9*4. 

C 9 H 15 ON requires N = 9*1 per cent. 

Methylation of Ethyl a-Cyano-l -methyl- A*-cy dohexMie-S-acetate. 

Formation of Methyl ^Cyano-aA^;ietJiyl-A^cyclohexene-2-j)ropionate r 

cff i<CH i -Cip C ' CMe(CN) ' C ° 2Me ' 

Ethyl - a - cyano-l-methyI-A 2 ^cycfohexene-3-acetate was mixed in 
methyl-alcoholic solution with an equimolecular quantity of sodium 
methoxide, and an excess of inethyl iodide was gradually added. The 
reaction was vigorous, and required cooling at intervals ; it was 
completed by warming gently on the water-bath for fifteen minutes. 
The product was poured into water, extracted withether, and distilled, 
when it passed over constantly at 140 — 142°/ 10 mm. : 

0*1299 gave 0*3298 C0 2 and 0*0945 H 2 0. C = 69*3 ; H = 8T. 

0*1900 „ 11*9 c.c. N 2 at 18° and 760 mm. N = 7*2. 

C i2 H iA N requires C = 69*6 ; H = 8*2; N = 6*7 per cent. 

a - 1 -Metkyl-A 2 -cychhexene-3 -propionilrile, 

CH *<o£-S >C ' CHMe ' CN ' 

and a.-l-Methyl-A 2 -cjdohexene-3 propionic Acid. 

The above cyano-ester was hydrolysed by boiling for ten minutes 
, with methyl-alcoholic potash, and, after the addition of water an 
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and the oil which 

; separated was extracted with* ether. The cyano-acid could not be 
Obtained crystalline, and therefore the crude oil was distilled under% 
90 mni. pressure, when carbon dioxide was eliminated and an excellent 
yield of nitrile was obtained. It was purified by redistillation^ 

> jjid was obtained as a colourless, mobile liquid, possessing 
fpleasant sweet odour, and boiling at 152 — 153790 mm.: 

| 0-1382 gave 10*4 c.c. N 2 at 17° and 757 mm. N = 9*6. 

1 * C i0 H 15 N requires N = 9*4 per cent. 

Hydrolysis . — The nitrilo was boiled for twenty-four hours with twicl • 
its volume of alcohol, containing 20 per cent, of sulphuric acid. Ii*| 
,w&s observed that tho reaction proceeded very slowly, in striking' 

•: contrast to the hydrolysis of the lower homologue, 1 - meth y Icy cld&, 
^bexene-3-acetonitriIe (p. 495). The product was diluted with water^f 
'extracted with ether, and the mixture of nitrile and ester distilledj 
under 100 mm. pressure. The distilled oil w^s now digested for tent* 
iminutes with methyl-alcoholic potash, and, after dilution with water^f 
r the nitrile was removed by extraction with ether ; on acidifying the! 
alkaline solution the acid was obtained, and was distilled under 12 mm| 
pressure, when it passed over as a colourless oil, boiling at 144 — 148°^ 
and possessing the odour of a fatty acid : 

0*1195 gave 0*3110 C0 2 and 0*0999 H 2 0. C = 71*l; H = 9*3 
Ci 0 H 16 O 2 requires 0 = 71*4 ; H — 9’5 per cent. 

Its basicity was controlled by titrating with iV/10-sodium hydroxide: 

0*2146 neutralised 0*0508 NaOH, whereas the same weight of a 
monobasic acid, C 10 H 16 O 2 , requires 0-0511 NaOH. 

The above acid is doubtless identical with that obtained by Wallach 
and Evans (Annalen, 1908, 360, 51), who give the boiling point * 
155-157717 ram. I 


a-Phenyl-& l -c.jc\ohexene - 1 - acetonitrile , 

>C-CHPh-CN. 

This substance was prepared as follows: Phenylacetonitrile (12 
grains) was mixed with a solution of sodium (2*3 grams) in ethyl 
alcohol, and, after cooliDg, cyclohexanone (10 grams) was added. The 
product was heated for fifteen minutes on the water-bath, and the. 
solution became somewhat yellow in colour. It was then cooled,' 5 
diluted with water, acidified, and the precipitated oil extracted with 
ether. The ethereal solution was washed with Water and dilute sodium 
carbonate, dried, and evaporated. On distillation of the residue, a 
colourless oil was obtained, which distilled at 1 76710 mm., and 
possessed a pleasant ethereal odour : 
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0*1160 .gave 0 *3§ 18 C0 2 and M825H/). <?= 85H ; H = 7*9. 

Ci 4 H u N requires C = 85*3 ; H ~ 7'6 per ctat. 

A portion of the distillate, which was too small to investigate 
crystallised after some time. 

The hydrolysis of this nitrile was attempted with alcoholic 
sulphuric acid, and also with alkalis, but the result in each case was 
the decomposition of the molecule with the formation of phenylacetic 
acid and cyclohexanone. 


a Phenyl-l-methyl-^-cychh&rmeA-acetonitrile, 

CH.Me<cH;'cH > C ' CHPll ' CN - 

The preparation of this nitrile is analogous to that which has been 
described above. The oil on distillation passed over as a colourless 
liquid at 191°/13 mm., and possessed a faint but pleasant odour of 
nitrile : 

0*1133 gave 0-3533 C0 2 and 0*0849 H 2 0. 0 = 85*0; H = 8*3. 
0*1263 „ 7*6 c.c. N 2 at 18° and 752 mm. N = 6*8. 

C, 5 H ir N requires C = 85*3 ; H = 8*1 ; N = 6*6 per cent. 

We wish to extend our thanks to Prof. W. H. Perkin for the 
interest he has manifested in the progress of this investigation. 

The University, 

Manchester. 


LIV . — The Direct Union of Carbon and Hydrogen 
at High Temperatures. Part II. 

By John Norman Pring. 

The question of the direct union of carbon and hydrogen, which 
formed the subject of a previous paper by the author in con- 
junction with R. S. Hutton (Trans., 1906, 89 , 1591), has recently 
received a good deal of attention. In the paper just cited, the 
synthesis of acetylene at relatively very low temperatures (from 
1850° upwards) was established, but the investigation of the 
formation of methane at lower temperatures gave less decisive 
results, and all that could be said was that the reactivity of the 
carbon diminished with continued use, and that the presence of 
impurities increased the methane formation, probably by catalysis* 
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the temperaitire was raised' in a^roaching the acetylene stage, 
above this temperature, an increase in the methane was 
observed, which may be explained by the decomposition of the 
acetylene and the well-known greater stability of methane. 

The present work is intended, by still greater precaution in the 
purification of the reacting substances, and by approaching the * 
equilibrium stage from the opposite side, to clear up some of the 
outstanding points of uncertainty, and particularly to ascertain the? 
equilibrium values of methane in the system methane, hydrogen, - 
and carbon oyer a large range of temperatures. 

Bone and Jerdan (Trans., 1897, 71, 41; 1901, 79, 1042) first 
announced the possibility of obtaining methane by the direct union 
*of carbon and hydrogen at 1200°. The percentage of methane 
obtained in these experiments varied from 0*7 to 1*4, mean 1*26. ^ 
Berthelot (Ann. Chim . Phys ., 1905, [viii], 6, 183) disputed the 
above results, and emphatically expressed his belief that no hydro- 
carbons are produced at 1200 — 1350°, provided that the reacting 
■materials are subjected to an exhaustive purification. i 

Mayer and Altmayer (. Ber 1907, 40, 2134) investigated the!* 
methane equilibrium in the system methane, hydrogen, and carbon. 
Hydrogen was allowed to react with carbon, to which nickel was 
added to serve as a catalyst. Experiments on the direct formation 
and on the decomposition of methane were made between the 
temperatures 470° and 620°. 

In the thermodynamical equation : 


KT = - 18507 + 5*9934 T\ovT + 0*002936 T 2 + RT\os ~ * 

w* i 

as expressed by Haber, which gives the equilibrium ratio of methane 
to hydrogen at all temperatures, the constant K was found by 
Mayer and Altmayer to be 21*1. At 1200° (1473° abs.) this gives " 
the value of 0*07 per cent, for methane. 

The experimental work is not, however, at all conclusive, as 
analyses of the gases show amounts of nitrogen varying from 
2 to 20 per cent., and the percentages of carbon monoxide are not 
published. 

H. von Wartenberg ( Zeitsch . anorg, Ghem ., 1909, 52, 299) 
investigated the cyanogen, hydrocyanic acid, and acetylene equili- 
bria, but his experiments were carried out in a very rough manner, 
wd he only extended the work to exceedingly low concentrations of 
acetylene. In criticising the work of the present author and 
Hutton, Wartenberg overlooks the fact of the decomposition of 
acetylene into methane, and points out the anomaly of acetylene 
*hich is endothermic and methane which is exothermic both 
^creasing in quantity at the higher temperatures. 

VOL. XCVII. 
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JB<%. ajjCdpward (Trans., the eariiei 

wort of Bone and Jerdan, and claimed finally to have proved 
the direct union of carbon and hydrogen by the conversion of gi VeB 
weights of carbon into a practically quantitative yield of methane. 
Although it seems probable that the conclusions of Bone and Jerdan 
and Bone and Coward, that carbon unites directly with hydrogen tc 
form methane, will be upheld, the fact that in their experiments 
.‘tfie carbon was always in contact either with some known catalyst 
"or with porcelain, which, by reduction, might yield a catalyticallj 
Active compound, fully justifies the further investigation of this 
reaction, which, moreover, is essential before, concluding that direct 
union occurs. 

For these reasons it was thought desirable, in the course of the 
present investigation, to adopt means to carry out the purification 
of the carbon t-o the highest possible degree, and to use hydrogen 
in the purest and driest condition, so as to eliminate any possible 
complication through the presence of carbon monoxide and nitrogen, 
tit was also thought it would be of interest to investigate different 
■kinds of carbon in their behaviour towards hydrogen. The 
varieties studied were retort carbon, sugar-charcoal, and graphite. 

The method employed was similar to that used in the earliej 
work (Bring and Hutton, loc. cit .), and consisted in the use ofl 
rod of carbon, or of a graphite tube provided with a narrow slil 
along the top, and inside which could be placed the variety oi 
carbon it was desired to study. These rods or tubes, which could 
b§ heated to any desired temperature by the passage of an electro 
current, were suitably mounted at a considerable distance fron 
the glass walls of the containing vessel, and all contact of tht 
heated parts of the carbon with any substance but the surrounding 
hydrogen was avoided. 

The temperature of the carbon rods, in this manner, is sur 
prisingly uniform, and can be readily estimated by means of £ 
Wanner optical pyrometer. 

A tubular glass flask, of litres capacity, formed the reactior 
vessel, as shown in Fig. 1. The tubes CC y of brass or copper, wert 
stopped at PP with brass plugs by brazing. Graphite pieces Dl 
were inserted by mere contact in holes bored in the brass plugs 
and the graphite supported the carbon rod or graphite tube K 
A slow circulation of water through the metal tubes by means o: 
the tubes ww during the heating of the rods sufficed to keep tin 
Ofoibier quite cold. No visible heating of the graphite end piece 
- was ever observed, whilst the temperature of the rod was uniforn 
to within 2 or 3 mm, from these supports. The metal tubes wer« 
fitted gas-tight at A and B by soft wax, which was occasional!] 
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coated ov^r ., These wax 6 

lutings allow the tubes a little play during the expansion of th#? 
rod by heat and remain perfectly gas-tight under these conditions^ 
even when the flask is completely evacuated. The leak of air into t 
the vessel seldom corresponded with more than 1 mm. when thM 
Jask was kept for one day under 1 cm, pressure. A charcoal- 
tube was fitted at T, which could be cooled by liquid . 
air, and thus complete the exhaustion of the vessel. Beforefc 
each series of experiments, this exhaustion was allowed tote, 
proceed for a few hours, and the rod kept at a temperature?' 
of about 1500° in order to dry the inside walls of the vessel 
'as completely as possible and remove any occluded gas or fina|?v. 
impurity from the carbon. The outlet tube H was to enable 


Fig. 1. 



Scale ; ems. 


preliminary partial exhaustion of the apparatus by a water pump 
and the outlet # led to a mercury gauge and to a Topler mercury 
pump, where a more complete exhaustion could be effected oi 
samples of gas withdrawn from the vessel for analysis. The 
hydrogen used in these experiments was generated by the electro- 
lysis of baryta solution. The baryta was for this purpose 
recrystallised several times, and the electrolysis conducted in a large 
U tube placed in a hot-water bath, a current of about 3 amperes 
being used. The hydrogen was then passed through a heated Jena 
combustion tube filled with copper gauze, a small heated tube Jlled 
with platinised asbestos, and then through a calcium chloride tube! 
Two methods were then at different times used for further purifica- 
tion of the gas. 

A. After leaving the calcium chloride tube, the hydrogen 

L L 2 


was 



502 


PRING: THE DIRECT UNION OF CARBON AND 


passed through, a spiral glass tube, cooled on > the outside by Uq u ^ 
air. The air in the drying tubes was first displaced by passing 
a current of hydrogen through for several hours, and allowing to 
escape through a side-tube, which dipped under mercury. The 
hydrogen was then admitted through the tap M , which could be 
carefully regulated, into the vacuous globe. 

B. The gas was filtered through a specially constructed palladium 
tube, making use of the well-known permeability of this metal to 
hydrogen when slightly heated. 

The tube was of the form shown in Fig. 2 at X, the total length 
being 30'5 cm., external diameter of wide part 5 mm., and of 
narrow part 2 mm., thickness of walls 0‘5 mm., weight 14’2 gram& 
The tube was connected to the glass at A by means of rubber 
valve tubing, which was then covered with pressure tubing. 

The palladium was encased in a Jena glass tube, actual contact 
with the glass being avoided by a palladium bridge at B. The 


Fig. 2. 



glass tube was surrounded by an electrical wire resistance furnace 
B , whereby a temperature of 350 — 400° could be conveniently main- 
tained. The outlet tube S was sealed on to the tube V (Fig. 1). 
By opening the tap M (Fig. 1), the palladium tube could be 
evacuated together with the flask, and, on warming, perfectly pure 
hydrogen diffused through and gradually filled^ the vessel. The 
rate of diffusion varied, of course, with the pressure inside the 
flask. With the palladium tube at 400°, when the vessel was 
vacuous, about 20 c.c., and with a pressure of 60 cm. about 5 c.c., 
entered per minute. It was never necessary to fill the vessel 
entirely, as the subsequent heating of the rod expanded the gas 
to atmosphere pressure. 

Temperature Readings, 

It was found by comparison with a thermo-element (H. C. Green- 
wood, Trans., 1908, 93 , 1486; Proc. Roy. Soc ., 1909, 82 , A, 402) 
that the particular pyrometer used is accurate within 20° at 
1250° when sighted on to the outside of the carbon rod, and that at 
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1550 °, 1670°, and 2000° there is not a departure of more than 15° 
for “ black body” radiation. Consequently, the only error of any 
magnitude which could arise at these temperatures would be due 
'to departure from u black body ” radiation, and this deviation in 
the case of carbon is known to be small. In the experiments 
described below, the pyrometer was calibrated against a thermo- 
Element at 1200°, and then frequently checked by means of an 
■jamyl acetate lamp. 

Analysis of Gas. 

The estimation of the small quantities of methane in the previous 
Mfork (Pring and Hutton, loc. cit.), which was effected in a Sodeau 
Apparatus, without a preliminary condensation of the hydrogen, 
fits a matter of some difficulty on account of the tendency to 
form oxides of nitrogen on exploding the gas with excess of 
oxygen. 

. The presence of acetylene was ascertained qualitatively by the 
formation of cuprous acetylide, but in the quantitative estimation, 
by the use of bromine or fuming sulphuric acid, no means were 
adopted to distinguish between the acetylene and ethylene or any 
Other unsaturated hydrocarbon. 

In the work now described, a condensation of the hydrogen was 
usually first made by means of palladium foil in cases where no 
■ unsaturated hydrocarbons were present. In this way, 1000 to 
: 1500 c.c. of the resulting gases were condensed to 50 — 100 c.c., and 
r thus an accuracy of from ten- to thirty-fold in the methane 
estimation was obtained. Samples of gas which contained un- 
/ saturated hydrocarbons, in addition to methane, were not 
* condensed by palladium, but were analysed as follows : The 
gas was first treated with a solution of ammoniacal silver 
chloride to remove acetylene. Two separate lots of this reagent 
were used, ‘the last being freshly prepared, to ensure complete 
removal of this gas. A treatment with bromine or fuming sulphuric 
acid, followed by potassium hydroxide solution, was then carried 
to remove ethylene. The carbon monoxide was then removed 
hy two treatments with ammoniacal cuprous chloride solution, and 
the methane estimated by exploding with an excess of oxygen and 
^measuring the carbon dioxide. 

Purification of Carbon. 

The method employed by Bone and J erdan and Bone and Coward 
[he. cit.) for purifying the carbon consisted in igniting the finely 
divided substance for several days in a stream of chlorine, followed 
hydrogen, at a temperature of 1100 — 1200°. The disadvantage 
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of this method lies in the improbahilitj' of evS^bemg-Ahle to remove 
thp last traces of combined hydrogen, and the serious contamination 
'wjjich must result from contact with the containing vessel durin 
the iong period necessary for the treatment. ® 

g The methods adopted in the present investigation were as follows 
Ip A, In the cases where amorphous carbon rods, usually of 0*4 cm 
ihameter and 10 cm. long (retort carbon), were used, these were 
placed in a carbon tube furnace and treatedrior two to three hours 
Svith a current of chlorine at about 1500°, and then for about 
fifteen minutes with a current of nitrogen, and finally for two to 
three hours with a current of hydrogen. The carbon tube used for 
this furnace was 28 cm. long and 2 cm. external diameter. Elec* 
|rical connexions were made at the end by graphite rectangular* 
liars, and a current of 160 amperes at 11 volts was found to 
produce a temperature* of about 1550° when charcoal was used 
as packing around the tube. 

?k». A n analysis made of a rod after this purification showed the 
presence of less than O' 10 per cent, of hydrogen and 0*05 per cent 
of ash. After this treatment, the rod was mounted in the glass 
reaction vessel, being supported by the graphite end-pieces. It was 
here raised to a temperature of about 1500° by the passage of an 
plectric current while the vessel was kept at a high vacuum by 
means of charcoal cooled by liquid air. In some experiments a 
measurement was made, by means of a McLeod gauge, of the 
pressure inside the vessel under these conditions, and was found 
to vary from 0*01 to 0*10 mm. It was found possible to maintain 
this low pressure for an indefinite period. The carbon rod, which 
was heated for an interval of from one to five hours, received in 
this way a further purification, while an effective drying of the 
inside of the vessel was at the same time ensured. 

In addition to the above treatment, great importance. is attached 
to the fact that the same rod was used continuously throughout 

large number of experiments, after each of which the heating 
in vacuum was again repeated for a short time, and only the pure 
hydrogen was allowed to enter the vessel after each evacuation. 

B. In the case of experiments with sugar-charcoal, the procedure 
consisted in gradually igniting sugar to a bright red heat, reducing 
•the carbon to a fine powder, placing in a graphite boat, and 
treating this in the carbon tube furnace alternately with chlorine, 
nitrogen, and hydrogen, as described above for the rods. A tube 
;was prepared from Acheson graphite, 9*5 cm. long, 0*95 cm. external, 
^and 0*6 cm. internal diameter/ and provided with a narrow 
longitudinal slit. This was subjected to a prolonged purification 
treatment, and then filled with the purified charcoal and mounted 
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in the In one 

i of experiments the carbon used was purified with even more | 
Rigour, by i repeating the alternate treatment with chlorine, t 
pitrogen, and hydrogen, at 1550° for six times ovor a total period 
|f six hours. 

;• A disadvantage found with these tubes is that, unlike the case of> 
[he thinner carbon rods, the temperature is only Uniform over tm 
central region of about two-thirds of the tube, and from here 
^dually falls off to the cooled supports. At higher temperatures, 
jFjowever, this uniform zone extends over a somewhat greater length."!; 
f Another inconvenience with this method is that while the tem- 
Eperature of the tube is being raised, the finely divided carbon 
j&hows a curious tendency to disperse and be expelled from thi 
piperture, even when this is very small. This scattering is mud 
Kinore marked when the heating is done in a vacuum, and in all; 
loses necessitates a very gradual raising of the temperature. 

I C. For examining the reaction with graphite, the tube employed^ 
|m the above experiments was used empty, having been purified byS 
p prolonged treatment with chlorine and hydrogen. 

| The procedure in an experiment was as follows. After the 
preliminary heating of the purified carbon in the evacuated reaction 4 
vessel, pure hydrogen was admitted through the tap M (Fig. 1)^ 
TThe pressure of hydrogen could be measured by means of thet! 
f mercury gauge connected to F, which also led to the pump L. 
‘.Tie mercury gauge also served as an outlet for the gas during ita 1 
; expansion through the heating of the carbon. During the expert-**? 
!' ment the current employed was kept constant, and temperature ■ 
^readings were taken at frequent intervals by the Wanner optical^ 
^pyrometer. At the end of each experiment the gas was removed^ 
p by a Topler pump and transferred to a graduated gas holder con-f§ 
? taming glycerol and water, and after measurement was condense^! 
: by palladium foil. Sixty grams of this foil, cut into small strips, J 
I were, for this purpose, placed in a 300 c.c. flask provided with aP 
wide ground-glass stopper and a side-tube with a ground joint and ti 
mercury seal. The flask was exhausted by a Topler pump, and the 
gas from the holder then allowed to enter. The flask was heated ' 
by a water-bath to 80 — 100°, when absorption of the hydrogen' 
was very rapid if the amount of carbon monoxide present was 
below 0-01 per cent. The residual gas was removed by the pump,' 
measured over mercury, and analysed. 


Tabulated List of Results. , J; 

Values for the methane, given to two places of decimals, denote 
that the analysis has been made on the uncondensed gas, whilst 
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the methane 4n the gas condensed by palladium has been estimated 
to three places. The same carbon was used throughout each series 
; without, in any way, dismantling the apparatus. 

Fart 1 . — Reactions Examined in Presence of Carbon Monoxide 
A. Sugar-charcoal in graphite tube. 

Series 1. — Sample purified by heating once in chlorine, nitrogen 
and hydrogen alternately for one hour at 1550°, and then for half 
an hour in a vacuum, at 1200°, in the reaction vessel : 


Order 
£ of ex- 
periment. 


Time 
in hours. 


Product (percentage). 

Temperature. 

CO. 

CH 4- \ 

1 

1200—1250° 

2 

0*70 

0*29 0*15 

2 

1345 

H 

0*66 

0*247 - 

Series 

2. — Sample of sugar-charccal purified by heating alter- 

nately in 

chlorine, nitrogen, and hydrog 

;en six times for six hours 

at 1550°, 

and then 

in a vacuum 

for 

half an hour before each 

experiment: 




Order 
of ex- 
periment. 


Time 
in hours. 


Product (percentage). 

Temperature. 

co" 

ch 4 . n 2 - 

1 

1250° 

n 

0'87 

0*400 ~ 

2 

1250 


0-6 

0*4 0*3 

3 

1250 

2 

0*35 

0-279 - 

4 

1250—1300 

1 

0*36 

0198 - 

5 

1250 

i 

0*87 

0*24 0*20 



— 

3 

0*97 

0*324 

6 

1500 

1* 

0*70 

0*18 - 


The above series clearly shows the diminution in the amount of 
methane formed after the first few times of use. 

Series 3. — Sample of sugar-charcoal purified by heating five times 
alternately in chlorine, nitrogen, and hydrogen for five hours, and 
then in a vacuum as above : 


Order of 


Time 

Product (percentage). 

experiment. 

Temperature. 

in hours. 

CO. 

ch 4 . 

1 

1230—1270° 

1| 

0*8 0*106 

2 

1615 

1 

1-8 0143 

S 

1250 

2 

0*65 

0*196 


The above series was conducted with the view of ascertaining if 
the heating of the carbon to about 1600° would cause any marked 
diminution in the reactivity. 
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B. Experiments with graphite : 


Order of 

experiment. 

Temperature, 

Time 
in hours. 

Product (percentage). 

CO. CH* 

1 

1250° 

u 

0'15 

0*143 

6 

1250 

* 

o-oi 

0-046 

5 

1250 

4 

0*13 

0-232 

7 

1250 

4 

0-25 

0-252 

3 

1325 

is 

0-18 

0-170 

4 

1520 

is 

1-3 

0*172 

5 

1720 

H 

2*0 

0-246 


'Part 2. — Reactions Conducted with Very Low Concentrations of 
Carbon Monoxide. 

Series 1. — Retort carbon. 

Amorphous carbon rod purified by heating alternately L. 
chlorine, nitrogen, and hydrogen for two hours at 1550°, and then 
in the reaction vessel in a vacuum at 1425° for two hours: 


Order 




Product (percentage). 


of ex- 



^ 

" - - 

— 

^ 

periment. Temperature. 

Time. 

CO. 

ch 4 . 

c 3 h* 

c s h 4 

4 

1100* 

hours 

0*006 

0*123 

— 

— 

6 

1100 

13 „ 

0012 

/ 0-308 
t 0*312 

- 

- 

1 

1150 

2£ „ 

0-3 

0*238 

— 

— 

7 

1200 

50 mins. 

<001 

0*150 

— 



5 

1200 

5 hours 

o-oi 

0165 

— 


18 

1200 

11 „ 

<0-005 

0-334 

— 

„ 

13 

1200 

22 „ 

o-oi 

0-342 

— . 



2 

1300 

H „ 

015 

0160 

— 

_ 

3 

1300 

4 „ 

001 

0*220 

— 



8 

1400 

2 „ 

o-oio 

0178 

— - 



9 

1500 

2 „ 

0*04 

0168 





11 

1600 

35 mins. 

0*001 

0*210 

— 



10 

1600 

1 f hours 

002 

0-240 

— 



12 

1725 

1 hour 

<0-002 

0-354 

— 



14 

1770 

1 5 mins. 

0*32 

0-402 

— 



15 

1830 

12 „ 

0-15 

0-530 

nil 



16 

1850 

1 hour 

0*05 

0*597 

trace 

— 

17 

1950 

30 mins. 

0*44 

0-86 

0*20 

0-22 

19 

2055* 

10 „ 

0*33 

1-13 

1-30 

0-97 


* Rod broke and arced 

for about three seconds 

; at end, 


Series 2. 

— Amorphous carbon rod, heated as last one. 


1 

1570° 

1 hour 

0160 

0154 

nil 

nil 

2 

1620 

80 mins. 

0-087 

0181 



3 

2060 

15 „ 

0-35 

1-08 

0-45 

0-45 

4* 

2180 

11 » 

0-10 

218 

1-80 

1-72 


* Rod arced for about three seconds at end. 
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Pait 3. — Decomposition of Acetylene and Metfidne in Presence 
an Excess of Hydrogen at High Temperatures 

.f: ’ * 

.^Experiments on the decomposition of these hydrocarbons were 
lertaken to attempt to decide to what extent methane mieht 
at the higher temperatures as a secondary action from the 
^composition of acetylene, to measure its stability at these tem 
|eratures, and, if possible, to find the final equilibrium value of 
hiethane from the other side. 

L Acetylene was for this purpose prepared by dropping ethylene 
dibromide into hot alcoholic potash, washing the gas with alcohol 
§ind collecting over water. 

About 5 litres of this were condensed by liquid air and then 
allowed to evaporate, the middle portion being passed into a holder 
of about 200 c.c, over mercury. From here it could be admitted 
into the reaction vessel through the tap N y the connecting tube 
having first been evacuated, together with the vessel. Methane was 
prepared by decomposing commercial aluminium carbide with 
dilute hydrochloric acid, washing the gas well with ammoniacal 
cuprous chloride to remove acetylene and hydrogen sulphide, and 
then liquefying the methane, vaporising, and collecting the middle 
fraction. 

| Small percentages of acetylene or methane could in this way 
be admitted into the reaction vessel, which was then filled with 
hydrogen. An amorphous carbon rod was used. Samples of gas 
were withdrawn from the reaction vessel before and after each 
experiment. In some cases condensation with palladium was 
resorted to. The results are tabulated below : 


Composition of gas. 


1 penmen t. Te 

mperature. 

Time. 

CO. 

ch 4 . 

c 2 h 2 . 

c 2 h 4 . 

1 

1480° 

0 

_ 



0*6 




1 hour 

0*15 

0*32 

nil 

trace 



2 hours 

0*2 

0*25 


f| 



H „ 

0*25 

0*25 

,, 

,, 

2 

1200° 

0 




3*50 




1^ hours 

0*27 

4*20 

0*50 

. 0*85 



H „ 

0*41 

1*41 

nil 

0*35 



8 „ 

0-48 

100 

„ 

0*35 

3 

1775° 

0 





20*2 

_ 



10 mins. 

0*08 

5*93 

5*02 

M3 



1 hour 

0-09 

0*77 

nil 

nil 

4 

1200° 

0 

_ 

6*00 






25 hours 

0*073 

4*63 

— 

— 

5 

1580" 

0 

-- 

5*0 



— 


to 1620° 

2 hours 

0*05 

1*75 

— 

— 

6 

1200° 

0 

__ 

6*73 

_ 

— 



2 horns 

0*25 

5*47 

— 

— 
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gtudy its effect on the decomposition of methane : * '*. 1 '■ 

7 * 1200° 0 5 0 6-5 — — . * 

3 hours 4-2 5 ’92 — — 

6i „ 3*72 5-95 — — " ' 

fart /F . — Amorphous Carbon Rod with a Deposit of Platinum on 
? Surface to Assist the Reaction Catalytically. 

This rod was purified in chlorine, nitrogen, and hydrogen at the 
same time as the ’previous ones, and was coated with a thin deposit 
§f platinum by electro-deposition, and then heated in the reaction; 
vessel in a vacuum at 1300° for half an hour. Pure hydrogen wag; 
then admitted, and the experiment conducted as usual. In the] 
experiments in column B a small percentage of methane was 
admitted to find the equilibrium from the decomposition. 




A. 






Product (percentage). 

Order of 



■ — 

s 

experiment. 

Temperature. 

Time. 

CO. 

ch 4 . 

. 1 

about 1050° 

14 hours 

0’052 

0*866 

2 

„ 1100 

„ 

0’007 

0-690 

8 

1200 

2 „ 

0011 

0-540 

3 

about 1300 

30 mins. 

0-014 

0*340 

6 

1500 

45 „ 

nil 

0'297 



B. 




Decomposition of methane with 

same rod. 


4 

1175-1200° 

0 



2-31 



4 hours 

0-006 

1-14 

5 

1200 

0 

— 

1*95 



12 „ 

0 003 

0*594 

7 

1500 

0 

— 

3-2 

, 


2 

103 

0-330 


Conclusions. 

The experiments described above clearly show that pure carbon 
combines directly with pure hydrogen at all temperatures above 
„ 1100°. At 1200° the velocity of the reaction is so slow in the 
s absence of any catalyst that the estimation of the exact equilibrium 
value of methane is somewhat uncertain. An experiment extend- 
ing over twenty-two hours at 1200° seemed, however, to yield the 
■ f limiting value of 0‘35 per cent, of methane, although this could not 
be confirmed by approaching the equilibrium from the other side, 5 ! 
96 the decomposition of small amounts of methane by pure carbon 
at 1200° proceeds even more slowly than the synthetic reaction. 
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At 150Qf^ an equilibrium value of 017 per cent, of methane 
appeared to be approached within about two hours, although 
even at this temperature the decomposition of methane was to 0 
slow to serve for the evaluation of the equilibrium quantity 
More definite equilibrium values were obtained by using carbon 
which contained a surface deposit of platinum. In this case, i Q 
experiments at temperatures between 1050° and 1500°, the reaction 
was very much accelerated, and the same percentage of methane 
was finally obtained whether its formation or its decomposition was 


Synthesis of hydrocarbons from purr, amorphous Methane equilibrium with 
carbon . Maximum amounts obtained. platinum coated carbon. 



nvestigated. The amount formed was 0*55 per cent, at 1200°, 
md 0*30 per cent, at 1500°. 

Above 1550° the percentage of methane began to rise with the 
iemperature. These increased quantities of methane do not, at 
/hese temperatures, necessarily represent equilibrium values, but 
probably arise from the decomposition of acetylene, although the 
imoirnt of the latter gas present was too small to be detected below 
1850°. 

Experiments on the decomposition of hydrocarbons showed that 
icetylene changes quickly to methane and ethylene above 1500®, 
ind that the methane formed is comparatively stable. This 
behaviour is similar to the decomposition which hydrocarbons 
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undergo at lower temperatures (Bonland Cfcward, Trans,, 1908, 93, 

u97). •: ' W v v . 

In the decomposition of acetylene at 1200—1400°, ethylene was 
jja o formed, and found t-o persist; consequently, this appears to 
preclude the possibility of the methane arising secondarily in the 
experiments at these temperatures, as, in these cases, no trace of 
ethylene was found in the gas. 

Graphite and sugar-charcoal showed a similar behaviour to 
amorphous retort carbon in its reactivity with hydrogen. 

The presence of carbon monoxide seems to have no effect on 4 
the final equilibrium in the synthesis or decomposition of methane 
at any temperature employed, or on the velocity of the reaction. 
The synthesis of acetylene could not be taken to the equilibrium^ 
stage, as with methane, in the form of apparatus used. Acetylene^ 
being endothermic, is stable in larger, amounts the higher the 
temperature, and would consequently undergo some decomposition 
ia passing away from the heated carbon through the intermediate*:: 
zones of temperature of the outside layers of gas. 

The equilibrium values obtained in the above work probably 
refer to systems of different concentrations than the surrounding 
gases, on account of a probable condensation of gas on the surface 
of the carbon or catalyst. This problem is now being investigated 
by the use of high gaseous pressures and the examination of the 
effect of catalysts other than platinum. 

In conclusion, I wish to express my indebtedness to Professor 
E. Rutherford for the facilities he has extended for conducting 
this research, and to Dr. R. S. Hutton for suggesting the work, 
and for his continued interest and assistance during its progress. 

Electro-Che jucal Laboratory, 

The University, 

Manchester. 


• — The Colour and Constitution of Azo-compomids. 

Part V. 

By J ohn Theodore Hewitt and Ferdinand Bernard Thole. 

Boring the progress of some work on the relationships existing 
between the constitution and selective absorption of certain polyazo- 
compounds, the authors of the present communication were much* 
struck with the great colour change which takes place on diazotising 
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amincazo^enzen^ in well know n 

azobenzene and amino'afcobenzene bq|ji plkiol^m 7 alcohol, with * 
shade which is yellow in' dilute solutidri, the head of the hand of 
slowest oscillation, but little * persistence, lying at about 2200 
oscillation frequency in the case of azobenzene (Hartley, Tran 
1887, 51, 152; Baly and Tuck, Trans., 1906, 89, 985; Hantzsch 
^Ber., 1909, 42, 2132), and apparently at about the same point with 
the amino-derivative (compare Landauer, Ber., 1881, 14, 39 ^ an , 
•C. Graebe, Zeitsch. pkysikaL Client 1892, 10, 689). The ' best 
marked and most persistent band given by alcoholic solutions of 
azobenzene has its head at an oscillation frequency of about 3200 
1 Similar observations have been made in the case of dimethyl, 
amino azobenzene (2430, Hantzsch, loc. cit., p. 2133), p-amino- 
benzeneazophenol ( 2600 ), and p-dimethylaminobenzeneazophenol 
(2400, Hewitt and Thomas, Trans., 1909, 95, 1297). 

In all cases, however, where an amino-group occupies a parar 
position with respect to the azo-group, the formation of a monacid] 
salt by the addition of dilute hydrochloric acid in sufficient quantity" 
conditions a change in colour to red, the oscillation frequencies of 
the heads of the persistent band of longest wave-length lying at 
about the same point for the compounds enumerated; this is shown 
in the following table : 

p.Ammoazobenzene 2000 (see Fig. 1) 

p-Dimethylammoazobenzene ... nr . 1900 (Hantzsch) 

p-Aminobenzeneazophenol 1800 (Hewitt and Thomas) 

p-Dimethylaminobenzeneazophenol ... 1800 ,, ,, 

This change, which corresponds with that observed on acidifying 

a, solution of methyl-orange, is now generally explained by supposing 
the hydrochlorides to be derived from the equivalent quinonoid 
form : 

c 6 h 5 -n:n-c 6 h 4 -nh 2 — c 6 h 5 -nh-n:c 6 h 4 :nh 2 cl 

The possibility of a certain small amount of amino-aromatic salt 
being also present in solutions is not completely negatived, since one 
nay adduce in support of such a proposition the fact that Hantasch 

b. a3 in, some cases isolated yellow salts of aminoazo-compounds, and 
nas also obtained a tribromo-derh ative of aminoazobenzene by 
the direct action of the halogen in glacial acetic acid solution (Ber., 
1908, 41, 1171, 1187, 2435) ; whilst, further, there is the well-known 
aptitude for diazotisation of the aminoazo-compounds. In the last 
case one is inclined to formulate the reaction as taking place 
according to the scheme : 

c 6 h 6 *n:n-c 3 h 4 -nh s ci + ho-n:o = 

2H 2 0 + C e H 5 *N:N-C 6 H 4 -N(iN)CI 3 
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• ... ; •: •. ... v.. ^ , 


Cfi H,*NH-^H 4 :ra 2 ci+HO-i>ro- 

H 2 0 + C fi H 6 -NH-N:C ft H 4 :N(:NOH)Cl= 

2H 2 0 + C 8 H s -N:N-C 6 H 4 -N(:N)q|f 
* does not seem so improbable when one considers the easy way in ,' 

: tfhich the quinonoid hydrates of azophencls lose water, passing 
directly into the hydroxy azo-form : ,: v . 

i: r-nh‘n:c 6 h 4 :(oh) 2 r-n:n-c 6 h 4 -oh + h 2 o. 

i It is certainly highly improbable that the diazonium chlorides? * 
possess a similar structure to the salts of the parent aminoazo- 


Oscillation frequencies. 


1600 18*2000 T 22' 24-26 28 3000' 32^ 34 3G 38 4000 42 44 46 4800 



BenzeneazobenzemAiazonvum chloride. 

JSenzetiMzophcnyUrMMthylaTniwnium iodide. 

Auvinoazdhemene hydrochloride. 


compounds, for on adding nitrite to the bluish-red solutions of the 
latter, the colour changes to an orange, which to the unassisted eye 
appears rather more red in shade than that of the free aminoazo- 
compounds or of azobenzene itself. In these circumstances it 
appeared very desirable to examine the absorption spectra, and 
for this purpose we have compared benzeneazobenzenediazonium 
chloride with the hydrochloride of aminoazobenzene on the one 
hand, and with benzeneazophenyltrimethylammonium iodide on the 
other. Comparison with other para-derivatives of azobenzene is also 
possible, and, as will be seen from the curve given in Fig. 1, benzene- 
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azobenzenediazonium chloride gives a which* resembles some- 

what closely that given by benzeneazophenol (Tuck, Trans., 1907, 
91 , 450). The head of the absorption band for benzeneazophenol 
lies at an oscillation ■ frequency of about 3000, whilst for the 
diasonium salt examined it is about 2950. Further, both of these 
substances show an extension of the band towards the red end of 
the spectrum; a similar extension has also been observed with 
certain aminoazophenols by Hewitt and Thomas (loe. cit.). 

On the same diagram will be found the curves for the absorption 
spectra furnished by the hydrochloride of aminoazobenzene and hy 

benzeneazophenyltrimethylammonium iodide. The first of these 

substances is almost without doubt of quinonoid structure, and its 
' absorption, which closely resembles that, of the hydrochlorides of 
: dimethylaminoazobenzene and its hydroxy- and methoxy-derivatives, 
is absolutely different from that of the other two compounds, which 
do not, however, agree as closely between themselves as might have 
been expected for substances possessing similar structures. Ifc 
therefore remains an open question whether the constitution of the 
diazonium salt is to he expressed by the formula: 

c 6 h 5 -n:h-c 6 h 4 -n(:N)oi, 

although it might be urged that the difference in the groups 
*N(:N)C1 and ^(CH^Cl 

might account for the comparatively minor differences in the 
absorption spectra. 

Comparison of the absorption spectra of phenol (Baly and 
Ewbank, Trans., 1905, 87 , 1351) and benzenediazonium salts would 
have been interesting, but since, according to Dobbie and Tinkler 
(Trans., 1905, 87 , 273), the latter give absorption spectra similar 
to those of dilute solutions of the unstable diazotates, a reference 
to the curve given in the latter case by these authors shows that 

very little aid can be expected. 

For the purposes of this work, aminoazobenzene was acetylated, 

' the acetyl derivative recrystallised until of constant melting point, 
and hydrolysed. In examining its acid-alcoholic solution, hydro- 
chloric acid was added in such amount as not to produce any 
further deepening of the red shade. 

The benzeneazophenyltrimethylammonium iodide was prepared 
by heating benzeneazodimethylaniline with methyl alcohol and 
methyl iodide to 100° after keeping the mixture for eighteen hours 
in the cold, and reaction was already practically complete, lne 
product was finally recrystallised from a large quantity of boi g 

water. , 

Benzenetzzohenzened’Uizonium Chloride. — The isolation 0 f 
liazonium salt was effected by suspending 4*7 grams of ammoazo- 



CONSTITUTION OF AZO-COMPOUNDS. PART V. 5 15 

benzene jt$ju§ (96 ^ cent.), and 

adding 2*4 grains of amyl nitrite diluted witlrlO c.c. alcohol. After 
fifteen nunutes’ stirring*, any small solid residue was removed by 
: filtration and the diazonium chloride precipitated by ether, collected, 
washed with ether, and dried over sulphuric acid. The salmon- 
coloured powder obtained in this way proved, under the microscope, 
to consist of amM of small but well-defined prisms : 

0-5506 gave 0 3211 AgCl. 01=14*4. ' 

Ci 2 H d N t Cl requires Cl ~ 14*5 per cent. 

The salt dissolves in alcohol and water, showing considerable^ 
stability even in alcoholic solution. The absorption spectra were/ 
observed with freshly prepared alcoholic solutions, but even after?' 
keeping overnight at the ordinary temperature a large amount qfl 
the diazonium salt was found to be still undecomposed. 
heating, the salt decomposes comparatively gently; no detonation: 
has been observed,, whilst the dry salt may be kept for months?- 
without appreciable decomposition, still dissolving in water and? 
coupling with the usual azo-components. An aqueous solution*! 
reacts, however, immediately with potassium iodide, giving p-iodo- 
a 2 obenzene. 

Platinichloride . — This salt was prepared by precipitating an t? 
aqueous solution of the chloride with excess of cliloroplatinic acid j3 
after washing and drying it formed a salmon-coloured powder. ' 
This salt also shows considerable stability, and decomposes in 
gentle manner when heated: v’ 

0 3228 gave 0*0768 Pfc. Pt=23*8. 

(C^HgN^PtClfl requires Pt = 23*6 per cent. 

No ftr Trichloride has been obtained, but solutions of the chloride 
yield a yellow precipitate with potassium dichromate. The salt, 
presumably benzeneasobenztnediasonium dichromate , was washed 
and dried, but on account of the character of the detonation which 
occurred on heating, an analysis was not carried out. Meldola 
('Trans., 1905, 87, 4) has also prepared this salt, but did not analyse 
it owing to its explosive properties. 

The absorption spectra are not such that the authors feel justified 
m drawing any rigid conclusion as to the constitution of the 
beozencazobenzenediazonium chloride; it is, however, a very 
remarkable fact that the most stable diazonium salts are always 
those possessing a para-substituent, especially when the latter 
happens to be an unsaturated and negative group. Reference may 
e made to the cases of p-nitrobenzenediazonium chloride, the 
acetylaminohenzenediazonium chloride described by Meldola (Proc., 
1899, 15, 196; Trans., 1905, 87, 1), and to the benzenesulphonyl- 
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amino arj| 


^^ojrgaj^-and Alcock (Trans., 1909, 95 , 1319) adopt a modification 
(Spin's formula (Trans., 1907, 91 , 1040) for the constitution of 
dmzbhium salts, but apparently do not attribute the stability 
||||idrred by negative para-substituents to any essential difference in 
institution. If one follows Cain in ascribing to diazonium salts a 
hj&miquinonoid structure, the possibility certainly arises that salts 
|f the negatively substituted type may be fully quinonoid in 
Structure, and their greater stability be thus accounted for : 

* Benzenediazoni urn chloride (Cam) : V" \=zNCl. 


u*i‘Nitrobenzenediazomum chloride : OINrr/ \n NCI. 

p i - / ii. 

: . • 0 N 

|icylaminobenzenediazonium chloride : Alk , C(OH)’N~<( / \~NC1. 
j/i I N 


Benzoneazobenzenediazonium chloride : 

s ; • . 

W " 

^.; Thus, whilst Cain represents the simple diazo-salts as analogues 
qf the labile " chinols,” the above representation of the negatively 
substituted compounds resembles the constitution attributed to the 
far more stable quinones. 

Iodoazobenzene . — In connexion >vith the work described in this 
paper, iodoazobenzene was examined with a view to seeing if it 
was capable of iodonium salt formation. As amino- and hydroxy* 
azobenzene readily yield quinonoid salts, so it is not impossible that 
the iodo-derivative may give corresponding salts containing tervalent 
iodine : 



; <( )>n:n<( )>i -> <^)>nh-n:/ )>:i-ci. 

Since, however, azobenzene itself gives unstable salts with acids, 
it might be argued that any salts yielded by iodoazobenzene should 
be referred to the same type. It happens that azobenzene gives a 
different absorption in acid solution from that given by the mono^ 
hydrochlorides of its amino- and hydroxy-derivatives ; the absorption 
spectra of the two latter salts being comparable, although the head 
of- the band of slowest frequency lies always more towards the red 
end of the spectrum in the case of the nitrogen compound. 

When iodoazobenzene is dissolved in benzene and hydrogen 
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^alt; w^i|givM wuSi good resu Itl^o^^^^^va^-compounda; ^ ig 
very suitable for preparing salts of iodine derivatives, as 
separation of solid matter is but slight. Nevertheless, a comparison 
$jf the absorption spectra of iodoazobenzcne in alcohol alone and^n 
f alcoholic solution of hydrogen chloride (see Fig. 2) renders it qdifcf 
probable that combination with hydrogen chloride occurs with formatio|j 

Fig. 2. 


Oscillation f requencies. 



of an iodonium salt. In fact, when iodoazobenzene is moistened with 
.benzene and exposed to gaseous hydrogen chloride, two molecules 
of the latter are absorbed, and a beautiful, nearly black, crystalline 
hydrochloride is produced. 

The authors acknowledge with thanks the aid afforded them by* 
the Government Grant Committee of the Royal Society, by which 
the expenses of this research have been defrayed. 

East London Colt, roe. 
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LVI .—Action of Ethyl Cyanoacetate on 5-Chloro-l : 
dimethyl- ^-cyclohexen-S-one. 

Bv Arthur William Crossley and Charles Gilling (Salters’ 
4 Fellow). 

It has been previously shown (Trans., 1909, 95 , 19; Proc., 1909 
25 , 96) that 5-chloro-l ; l-dimethyhA 4 -cyc/ohexen-3-one (I) can be 
Condensed with the sodium derivative of ethyl malonate (or sub. 
stituted ethyl malonates) to form ethyl 1 : l-dimethyl-A 4 -eyc/ohexeii- 
3-one-5-acetate (II) with elimination of a molecule of ethyl car- 
bonate : 

CMe 2 <£g^°>CH + NaCR(C0 2 Et) 2 + EtOH = 

|l.) 

CMe. 2 <™^0>CH + CO(OEt) s + NaCI 

R'CH'COjEt 

(II.) 

These condensation products, on hydrolysis, give rise to a series 
of hydroaromatic ketones according to the following scheme, in 
which R~H, Me, or Et; R] = Me, Et, or Pr: 

CMe 2 <pg 2 ^>CH + HOH = CMe 2 <^g^>CH 4 C0 2 + EtOH. 

R-CH-C0 2 El R, 

It was also mentioned ( loc . cit ., Trans., p. 27) that a small 
quantity of a nitrogenous substance, melting at 141°, was always 
formed together with the condensation products of type II, due to 
the presence of ethyl cyanoacetate in the ethyl malonate employed. 
In continuance of the investigations on the chemical reactivity of 
the chlorine atom in ehlorodimethylcycZohexenone, the latter sub- 
stance was next condensed with the sodium derivative of ethyl 
cyanoacetate, when the substance melting at 141° is formed in 
about 75 per cent, of the theoretical quantity. It gives analytical 
numbers agreeing with the formula C^II^OgN, and it was at first 
thought that the reaction should be formulated on similar lines to 
that taking place between ethyl malonate and chlorodimethylcy do- 
ll ex on one : 

CMe,<pS^>CH + ON-CHNa-COEt = 

CMo 2 <^^0 > CII + NaCI 
CN’CH-COjEt 
(HI* 
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* i v--' 

jhis assumes. tha<> in such jeactions ethyl malonate and ethyl 
cyanoacetate behave as if they possessed similar constitutions. The 
cheoiu-al properties of thp condensation product are not, however, 
^ agreement with thos6 which a substance having formula (III) 
should exhibit; for whereas ethyl dimethyl cyriohexenoneacetate 
is a perfectly neutral compound containing a ketonic group, 
as proved by the fact that it readily forms a semicar bazone, the 
solution of the ethyl cyanoacetate condensation product in aqueous 
alcohol has well-marked acidic properties, may be titrated against^ 
standard sodium hydroxide solution, and the neutral solution so 
obtained gives a green colour with ferric chloride. Moreover, it can 
he readily esfcerified with ethyl alcohol containing 5 per cent, of 
Igulphuric acid, giving rise to a mixture of two ethyl derivatives, 
[which can be separated by fractional crystallisation, and since they 
both possess the same general formula, the same molecular weight, 
and yield the same product on hydrolysis, it seems evident that they 
iire stereoisomeric substances. -j 

* In a similar way two stereoisomeric methyl derivatives have been 


The substance melting at 141° cannot he hydrolysed by long- 
continued boiling with an alcoholic solution of potassium hydroxide, 
probably on account of the stability of the potassium salt formed, 
but when heated for an hour with concentrated hydrochloric acid, 
it is converted into 1:1: 3-trimethyl-A 4 -cyriohexen-3-onc (IV), a 
reaction which may be provisionally represented as follows : 


-»• CMe 2 <j^^>CH 

CN^CH'CO.Et HO.,C-CH-CO„H 

* ’ 
(III.) 

CMe 2 <£Ji^c>CH+ 2C0 2 . 

2 I 

CH„ 

(IV -> . * 

The marked acidic properties of the condensation product (III) 
of ethyl cyanoacetate and chlorodimethyleyefohexenone cannot be 
ascribed to the presence of the hydrogen atom attached to the carbon 
atom, marked with an asterisk, situated between the cyanogen and 
carbethoxyl groups. For, apart from the extreme ease with which 
esterification can be effected, it is found that when either of the 
two ethyl derivatives is boiled for an hour with concentrated 
hydrochloric acid, hydrolysis takes place, and trimethylcyrio- 
hexenone (IV) is produced ; whereas if the constitution of the 
°ngmal substance is represented by formula III, the ethyl 
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derivative uj 

^qMe a <^^>CH • 

'> ■■*• CN-CEt-CO.Et 


CMe< 


(V.) 



(VI.) 


jrA simple explanation of the acidic properties is forthcoming if 
^Tbo assumed that the original condensation product (III) under- 
pies tautomeric change, tho kctonic oxygen becoming enolic, and 
|iving rise to a substance of formula (VII), which on esterification 
^.(etherification) would yield (VIII). 




OMe,<«= : W>CH 


^CH,- 

CN-CH-C0 2 Efc" 

$: ■ (VII.) ' (VIII.) 

0' 

If In favour of this supposition is the fact that the substance 
fmelfcing at 141° forms condensation products with aniline and 
pionomethylaniline. Whilst formula (III) admits of the formation 
|of a compound with elimination, as water, of the ketonic oxygen 
|with the two hydrogen atoms of the amino group in the case of 
^aniline, it does not admit of an analogous reaction in the case of 
^metkylaniline ; but both reactions are easily explained by the 
Adoption of formula (VII). It will be seen that the ethyl 
^derivative (VIII) still shows the presence of a hydrogen atom 
^attached to the carbon atom, situated between the cyanogen and 
JJarbcthoxyl groups, and it should therefore be possible to introduce 
w second ethyl group into this position by the successive action of 
Hodiura and ethyl iodide. Although attempts were made to accom- 
plish this end under a variety of conditions, they were always 
"unsuccessful, and this, taken in conjunction with the fact that 
formula (VII) does not offer a ready explanation of the formation 
*6f ; two stereoisomeric modifications of the ethyl and methyl ethers, 
fiwessifcates some other explanation of the reaction being sought. 

^ - It has been proposed by J. F. Thorpe (Trans., 1900, 77, 925) that 
^jfche formula which most adequately explains the behaviour of the 
sodium derivative of ethyl cyanoacetate is (IX), and the mechanism 
j$pf. its condensation with unsaturated substances is as follows: 

I^Et’CHICRg + H0(CN):C<^ - 00 2 EfCH 2 -CR 2 -C(CN):C<^^ 

(ix.) 

where R may be either an alkyl group or hydrogen. 

If, as kindly suggested to us by Dr. J. F. Thorpe, this formula 
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for eth^ 
the 

c^&ca*® +’ »c(CN):c<0® ' - ■ _ 



tipder discussion, 

WjSgj*"*'"' - - 




NaCI + » 


CMe 2 <^^°>CU 2 

C(CN)'C0 2 1 


l> , cm«,<o=^>ch 4 

C(CN):c<OKt a 
^ 

C(ON)-CO s Et 

(XL) (X.) 

and the product "would be ethyl Z-hydroxy-1 : 1-dim ethyl-\ 3 - eyetji: 

A exenylidene-6-cyanoacetate (XI) (ethyl 1 : l-dimethylcjolohe. 
i&nylidene-b-cyanoacetate, X). ^ 

t Such a formula appears to account for all the observed prope; 
of the substance, for example, the formation of condensate 
products with aniline and methylaniline; its marked acidic 
perties, and, the formation of two isomeric methyl and eth 
derivatives, which would be represented as cis- and irarcs-modificarl 


OMe 2 <«^W>CH 


CMe 2<CH^ 


c < oe ^>ch. 


CN CUEt 


#. ; 

C0 9 Efc CN 


The question naturally arises, Have the two correspond ing 304 $' 
and irans-forms of ethyl hydroxydimethylcyc?ohexenylidenecyai^ 
acetate been observed ? The answer is in the negative. This 
explained by assuming that the two forms (X) and (XI)' aijfe 
tautomeric, and a hydrogen atom is alternating between the t$jjf 
; positions shown, which would preclude the possibility of 
f isomerism. The introduction of an ethyl group into the moleeull' 
causes the cessation of this mobility of the hydrogen atom, ajp 
hence fixed isomerism makes its appearance. This idea corresponds 
with that advanced by J. F. Thorpe (Trans., 1905, 87, 1669) 
account for the fact that glutaconic acid cannot be isolated 'jjg 
cis- and i/vms-modifications, whereas its dialkyl derivatives^^ 
which the double bond becomes fixed, are capable of existing |n 
the two forms. M 

We take this opportunity of expressing our cordial thanks Jo 
Mr. E. C. C. Baly and Dr. Tuck, who have examined ethyl 
hydroxydimethylcycJohexenylidenecyanoacetate and its two isomeric 
ethyl ethers spectroscopically, and who have been kind enough to 
make thf annexed diagram and report. 



“ The absorption : 

hexenyhdeneiyanoacetate and^ifcj tWo^thyF ethers' %are examined 
in alcoholic dojution, and, as can be sedh from the" diagram, th 
show/very percent- bands. The absorption of the two isomerf 
®®$L* etIier3 identica ' I J and exhibits a band with its head at 


Oscillation frequencies. 

2 \ 26 28 3000 3*2 34 36 38 4000 42 44 



Ethyl ether (both iso m cridcs). 

E*kyl hydroxydimctkylcyduhexenylidenecyanoacclatc. 


p resence of sodium ethoxide 


I'/X — 3100. The parent substance shows a band with its head at 
1 /A = 2950, whilst in the presence of sodium ethoxide the hand 
is shifted to 1/ A — 2700. This shift towards the red, on the addition 
of alkali, is analogous to the case of dimethyldihydroresorcin, which 
therefore affords evidence that labile tautomerism occurs. Since 
the absorption band of the parent substance is nearer to* the red 
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i n ethers, the conclusion may at 

oC ce be drawnHI^afc thie hydrogen atom of the former is labile, which 
explains why the parent substance cannot be resolved into cis- 
t mn 3 *tnodifications. That the shift in the absorption, on the 
Edition of alkali to the parent substance, is due to the prepuce 
0 f labile tautomerisin is proved by the fact that no change is 
produced by the addition of alkali to either of the ethyl ethers.” u 

The following considerations also support the conclusion that the 
substance is ethyl hydroxydimethylrycZohexenylidenecyanoacetate. ' 
^ already mentioned, when chlorodimcthykyr/ohexenone is con- 
densed with ethyl malonate (or substituted ethyl malonatcs), one 
. of the carbethoxyl groups is always eliminated as ethyl carbonate 
, (see p. 518). Several instances of the production of the latter 
substance in condensation reactions have been recorded, one of 
the most recent being in the interaction of ethyl sodiocyanoacetate 
and ethyl 1-cyanocycfopropane-l-carboxylate : 

i !ll! >C(CN)-C0 2 Et + CN-CHNa-CO,Et + EtOH = 

CHo 

CH 2 CH(CN) 

CH 2 *CH(C0 2 Et) 

aod Best and Thorpe (Trans., 1909, 9j3, 693) consider that the 
elimination of ethyl carbonate is determined, in all such cases, by 
spatial considerations. The present experiments lend considerable 
support to this view, for, in the first place, the yields of condensation 
products formed from chlorodimethykycZohexenone and the sub- 
stituted ethyl malonates diminished rapidly with increasing mole- 
cular weight, from which it would appear that the overcrowding in 
- the molecule, caused by the introduction of heavier alkyl groups, 
renders the formation of the condensation products more and more 
difficult. 

' This affords a possible explanation of the reason for tbe non- 
acidity of ethyl dimethylrycfohexenoneacetate (XII) and the acidity 
of ethyl hydroxydimethylcyc/ohexenylideiiecyanoacetate (XIII), for 
in the initial product of interaction (XIV) of ethyl malonate and 
chlorodimethylcyc/ohexenone, the carbon atom marked * may be 
regarded as overweighted and the molecule overcrowded in the 
region occupied by these groups, with the result that ethyl carbonate 
h eliminated: 

CMe2 <CH — C^ CH: + Et0H = CMe ^<CH 2 ^C^ CH +C0 ( 0Efc ) 2 
HC(C0 2 Et) 2 H 2 C*C0 2 Et 

* (XIV.) (XII.) 

Why, then, does not a similar elimination of ethyl carbonate 


>C!:NH + CO(OEt) 2 , 
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take place * 


|Irom ethyl 





J2 v CMe a <— 

HC(CN)-C0 2 Et U 

* (XV.) 


C(CN)-C0 2 Et 

CMe 0 <g^' C (° H Xr! 


( i., t) Wc», B 


Jpli| this case the carbon atom marked * is not so weighted as 
in the substance with formula (XIV), the CN group being mu^ 
lighter than a C0 2 Et group, and hence the wandering of the 
"hydrogen atom attached to this carbon atom into the ring, with 

^formation of ethyl hydroxydimethylcyrJohexenylidenecyanoacetate 

(XIII), sufficiently reduces the overcrowding to give a stable 
Instance. 

ft. however, this hydrogen atom be replaced by a methyl group; 

in the condensation of ethyl methyl cyanoacet ate and chlorodi- 
pnethylrycZohexenone, then the carbon atom * (XVI) is again over* 
^weighted, and as a result ethyl carbonate is eliminated : 

# M e 2 <OH a -C> 0H + Et0H “ C °(OEt) 2 + CMe s <®^2^CH-> 

Me-G(CN)-CO s Et Me-CH-CN 

(XVI.) (XVII.) 

OMe 2<c ^>CH 

2 II 

Me- OCX 


(XVIII.) 

But the product so formed (XVII) is still overcrowded, and a 
hydrogen atom wanders into the ring, giving hydroxy dimtthyl- 
cyclohexenylidenepropionitrile (XVIII). 

In view of these results, it seemed of interest to examine the 
interaction of ethyl acetoacetate and chlorodimethyleycfohexenonc, 
when it was found that the product is the same as when using 
ethyl malonate, that is, ethyl dimethylcycfohexcnoncacctate (XIX). 
-^.Here also the initial condensation product (XX) contains the over- 
crowded carbon atom, marked with a *, and as a consequence the 
fffeetyl group attached to it is eliminated, by interaction with ethyl 
alcohol, as ethyl acetate, and a hydrogen atom takes its place. 

The action of acid hydrolysing agents on ethyl hydroxydimethyl- 
eyc/ohexenylidenecyanoacetate can now be easily explained. The 
COgEt group (or the CN group) is first converted into CO 2 H 




(X£H) which rearranges itself to dimethyleyc/ohexenoneacet# 
nitrile (XXIII) : 


1CN*C*C0 2 H 

(XXL) 

CMe 2 <™^>CH 


CH 2 
(XXIII.) 


■CN 


CN-CH 

(XXII.) 

Me 2 <™^>CR 

CH„ 

(XXIV.) 


g The CN group in the latter compound is then hydrolysed 
?C0 2 TT, carbon dioxide is eliminated, and trimethylci/c?cihexeniOT^ 
(XXIV) produced. The acid hydrolysis of the methyl or ethyl 
ethers of ethyl hydroxydimethylcyc/ohcxenylidenecyanoacetate takes? 
place in a similar way, but the action of alkaline hydrolysing agents 
on t-hes§ substances is of quite a different nature. When either' 
of the two ethyl ethers is heated with an ethyl-alcoholic solution of 
(potassium hydroxide, the carbethoxy-group is attacked, yielding 
cthoxydimethylcjc\ohexenylidenecya?ioacetic acid (XXV), melting 
I at 149°, which acid should exist in cis- and tram- forms, correspond! 


CMe 2 <^ 2 ’ GI ( QEt ( j>CH 

CN-C'C0 2 H 

(XXV.) 

ing with the two ethyl esters. These modifications have not, 
however, been isolated, as no matter which of the two esters is 
hydrolysed, one and the same product is obtained j and it can only 
be concluded that, under the influence of the hydrolytic agent, the 
less stable form of the acid is converted into the more stable form, 
such cases being common among hydroaromatic substances. 

When either of the methyl esters of ethyl hydroxydimethylcyc/oj 
hexenylidenecyanoacetate is hydrolysed with methyl-alcoholic 
potassium hydroxide, methoxydimethylcjc\ohexe?iylidenecyano- 
acetic acid (XXVI), melting at 174°, is produced; but when the 
hydrolysis of the methyl ethers is carried out in ethyl-alcoholic 
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solution, ethox^imothylcyc2ohexen^Scl^^^^o&&tie acid (XXV) 
malting & '140?; is formed, The .e^tSthpriicif the methyl group 

CN-li-COjH 

(XXVI.) 

Is replaced by ethyl is quite remarkable. An exactly similar 
phenomenon is observed when either form of ethoxydimethylcycfo- 
jSkenylidenccyanoacetato is hydrolysed with methyl-alcoholic 
potassium hydroxide, the ethyl group being replaced by methyl 

with production of methoxydimethylcyc/ohexenylidenecyanoacetic 

acid, melting at 174°. Such replacements of ethyl by methyl and 
vice versa in esters have been frequently recorded (compare ?urdie 
Trans., 1885, 47, 855; 1887, 51, 627; 1888, 53, 391; 1891, 59^ 
468). When ethoxydimethylcyc/ohexenylidenecyanoacetic acid is 
heated a few degrees above its melting point, carbon dioxide is 
evolved, and 2>-ethoxy -\ : l-dimethyl-tf-cjclohcxenylidene-5-acpto. 
nitrile (XXVII) is formed: 


Vie 

^CH, 


CH 2 -C(OEtW CH 

ch„ cr 


CMe 2 <™^0> CH 

OH. 


Although somewhat stable towards alkalis (see page 532), this 
nitrile is readily hydrolysed by acids, with formation of trimethyl- 
eyefohexenone. 


Experimental. 


Forty-eight grams (1 mol.) of chlorodimethykycZohexenone were 
gradually added to a mixture of 70 grams (2 mols.) of ethyl 
cyanoacetate and 13*8 grams (2 atoms) of sodium dissolved in 170 
c.c. of absolute alcohol, when a vigorous reaction at once commenced, 
and the liquid turned red. After heating in a water-bath for six 
hours, the product was poured into water and extracted four times 
with ether * The aqueous alkaline liquid was then acidified with 
sulphuric acid, extracted four times with ether, and the ethereal 
solution washed, dried, and evaporated. The solid residue, weigh- 
ing 51 grams after drying on porous plate, was purified hy 
crystallisation, first from benzene, then from aqueous methyl alcohol, 
and analysed: 

* On evaporating the ether, a residue was obtained, which was proved to consist 
(principally of unchanged ethyl cyanoacetate and a resinous product, which yielded a 
solid, crystallising from methyl alcohol in fine white needles, melting at 57°, but in 
too small an amount for complete investigation. 
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W 4 *: H 2°- 5 H-7-66. 

. N s (nidist) aA i3° and 762 min, N=5*63. 
C l9 H l7 0 8 N Requires C= 66*38 ; H =7*23 ; N=5*95 per cent. 
Ethyl Z-hydroxy-l : l-dimethyl-^-ayclokexeTiylideneS-cymoaceP. 
& te } I " (ethyl 1 : \-dimethylcyc\ohexan-2-onylidene~5-cyanoacetatei 

CMe a <^jj“_^>CH 2 


/Cn 2 -C(0H)^ 


C(CN)*C0 2 Et 


C(CN) 


COJEt 


(I.) (H.) 

II), is easily soluble in the cold in acetone, chloroform, alcohol, or 
ethyl acetate, and crystallises from benzene or aqueous methyl 
alcohol in fine white, glistening needles, melting at 141°. It gives- 
with ferric chloride in alcoholic solution a fine emerald-greeiV 
colour, slowly fading to olive-green, a process which is hastened by 
warming, and with ferric chloride in neutral solution it forms 
dark green precipitate. It has a marked acid reaction in aqueous^ 
solution, and can be -titrated with potassium hydroxide solution/ 
when it behaves as a monobasic acid : 


0*2412 required 10*4 c.c. N j 10-KOH. Calculated, 10*3 c.c. . 

Found, M.W. = 232. C 13 H 17 0 3 N requires M.W. = 235. 

The silver salt, prepared in the usual manner, is a yellowy 
amorphous precipitate, which darkens rapidly on exposure to air 
and light: 

0*2618 gave 0*0828 Ag. Ag=31*62. 

C 13 H 16 0 3 NAg requires Ag = 31’58 per cent. 

Ethyl 3-anilino-l : \-dim^thyl^ i <,yc\ohexenylident-h-acctate i pre- 
pared by heating ethyl hydroxydimethylcycfohexenylidenecyaneK 


™ a -^u f (NHPh ^ CH 

U(CN)-C0 2 Et 

acetate with aniline, is readily soluble in acetone, alcohol, or acetic 
acid, insoluble or only slightly soluble in light petroleum/ benzene* 
or chloroform, and crystallises from methyl alcohol in felted mass&s 
of long, feathery, golden-yellow needles, melting at 197°: 

0*2006 gave 14*6 c.c. N 2 (moist) at 6° and 752 mm. N = 8’77. 

CjgH^OgNo requires N = 9*03 per cent. . * •• /rs 

Ethyl 3-methylanilino-l : \-dimethyht^-cyc\ohexenylidtnedj-cyano- 
acetate was prepared in a similar manner, using methylaniliner 

ch 2 g 

C(GN)*C0 2 Et 

instead of aniline. It separates from methyl alcohol in small, 
transparent, flattened, yellow crystals, melting at 183° : 
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°/ Ethyl SydroxycUviethylcyclohexenytidenecynno^ 

" ’* acetate. 

g^n 'grams of the ester were boiled with 100 c.c. of concentraled 
jkydTochloric ^id for six hours, when the solid slowly dissolved and 
jg v oil separated. The liquid was then diluted with water, extracted 
pth ether, the ethereal solution washed, dried, and evaporated and 
|he residue distilled under a pressure of 23 mm., when nearly the 
|hole (5'5 grams) distilled at 100—103°. It possessed the charaj 
leHstie odour of trimethylcydohexenone (b. p. 109°/32 mm,, com. 
|are Trans., 1909, 95, 24), and its identity with this substance was 
established by preparing from it the oxime, which melted at 78 ° 
snd the semicarbazone, which melted at 193° (N = 21*55; C 10 H ON 
requires N = 21*54 per cent.). The melting points of the above 
derivatives remained unaltered on mixing with an equal quantity 
.the corresponding substances prepared in the manner previously 
Jpignribed (i loc . cit.). 3 


Esterification of Ethyl MydroxydimethylcyclokexcnylidenecyanO'i 

acetate. 1. With Methyl Alcohol and Sulphuric Acid. - 

^Ten grams of the hydroxy-compound were heated on the watei 
hath with 100 c.c. of a 5 per cent, solution of sulphuric acid ini 
absolute alcohol for three hours. The whole was then poured into 
vater, extracted four times with ether, the ethereal solution washed 
with a dilute solution of sodium hydroxide to remove traces of 
iiiesterified material, then with water, dried, and evaporated. The 
|lid residue (10 grams) was separated by fractional crystallisation 
rom light petroleum (b. p. 60 — 80°) into two isomeric sut stances 
Jf and B > melt j n £ respectively at 79° and 90°. No very exact 
igures can be given as to the relative proportions in which these 
wo esters are formed, but A predominates, probably to the extent 
►f five to six times the amount of B. 

| Ethyl 3-metkoxy-l : l-dimethyl-^-cyclohexenylidene-5 -cyanoacet- 
tfe (A) separates out first, crystallising very readily in small, 

■ _ C(CN)*CO,Et 

rhite, elongated needles, melting at 79° : 

0'1255 gave 0*3112 C0 2 and 0*0869 H a O. C = 67'62; H=7*69. 

c i4 H iA^ requires C = 67*47; H =*7*63 per cent. 

The isomeric ester B is contained in the mother liquors of A, and, 


2. With Ethyl Alcohol and Sulphuric Acid. 

Ten grams of the hydroxy-compound were esterified exactly a& 
described above, using ethyl instead of methyl alcohol, when 12?^ 
|rams of a mixture of two esters were obtained, which were separated 
fractional crystallisation from methyl alcohol into two suhfe 
stances, A and B, melting respectively at 106° and 97°. The* 
relative proportions produced are much the same as in the case off 
'the methyl esters, the isomeric form A predominating in amounts 
I fithyl ethoxy-1 : 1-dime 1 7iyZ- A 3 -c yclo A e xenylid e n e - 5 - cyanoacetatel 
ii[A) crystallises from methyl alcohol in small, white needles, oil 
from light petroleum (b. p. 60 — 80°) in clusters of beautiful 
elongated, prismatic needles, melting at 106°: || 

[ 0*1280 gave 0*3215 C0 2 and 0*0958 H s O. 0^68*50; H = 8*31/ J 
0*3218 „ 15*2 c.c. N 2 (moist) at 10° and 744 mm. N = 5*537 | 
C 15 H 21 0 3 N requires C = 68*44; 11—7*98; N=5*32 per cent. 

•t The molecular weight was determined by the cryoscopic method;! 
|tslng benzene as solvent : | 

Found, M.W. = 235. C 15 H 21 0 3 N requires M.W. = 263. M 
This ester has also been prepared by the action of ethyl iodide on] 
the sodium salt of ethyl hydroxydimethylcycfohexenylidenecyano^ 
acetate in alcoholic and in benzene solution; but the amount Off 
pure material produced was very small, resinous products beingl 
formed, and under the conditions employed it was not foundr 
possible to isolate any of the isomeric ester melting at 97°. t 

The isomeric ester B, obtained from the mother liquors of Af 
crystallises from methyl alcohol in lustrous, transparent prisms| 
melting at 97°: -j 

0*1035 gave 0*2606 C0 2 and 0*0758 H 2 0. C = 68*66; H = 8*14. f) 
C 15 H 21 0 3 N requires C = 68*44; 11 = 7*98 per cent. . 1, 
The molecular weight, determined by the same method as used 
in the case of the isomeric ester, was found to be 236. '% 

Although the observed values for the molecular weights of thM: 
two esters do not show as close an agreement with the theoretical" 
value as might be desired, they are nevertheless of the same order, 
and serve to prove that the isomerism of these two substances is 
not due to the formation of complex molecules, but is in all 
probability a case of cis- Jrans-isomerism. 
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Hydrolysis of Ethyl M t zc.y ana- 
acetate. 

Experiment showed that th© same substance (m. p. 174°) was the 
sole product obtained when cither of the esters, melting respectively 
at 79° and 90°, was hydrolysed with methyl-alcoholic potassium 
hydroxide, and therefore, for the purpose of investigating the 
nature of the substance melting at 174°, there was no object in first 
separating the two esters by the tedious process of fractional 
crystallisation. Four grams of the mixture of the two isomeric 
esters were therefore heated for two hours on the water-bath with 
3 grams of potassium hydroxide dissolved in 60 c.c. of absolute 
methyl alcohol, when the solution was diluted with water and 
extracted once with ether, to remove any traces of unaltered ester 
The aqueous solution was next acidified with sulphuric acid 
extracted three times with ether, and the ethereal solution washed 
dried, and evaporated. There resulted 3 grams of a solid, whicl 
was purified by crystallisation from dilute methyl alcohol, anc 
analysed : 

0*1380 gave 0*3318 C0 2 and 0*0841 H s O. C~ 65*57; H = 6*77. 

C 19 H 15 O a N requires C=65‘16; H = 6*78 per cent. 
Z-Methoxy-l : l-dimethyl-tf-cyclohexenylidene-5-cyanoacetic 
CMe 2 <^^||>CH 

C(CN)'C0 2 H 

crystallises from dilute methyl alcohol in masses of irregular plates, 
melting at 174°. At 179° a steady evolution of carbon dioxide 
occurs, with production of methoxydimethybyc/ohexenylideneaceto 
nitrile (compare the hydrolysis of the corresponding ethoxy 
derivative, p. 531). 

The presence of a inethoxyl group in this acid was confirmed hj 
a Zeisel determination: 

0*2353 gave 0*2424 Agl. OMe = 13*6. 

C 12 H 35 0 3 N requires OMe = 14*00 per cent. 

It is interesting to note that when the hydrolysis of ethyl 
methoxydimethylcycZohexenylidenecyanoaeetate is carried out m 
ethyl-alcoholic solution, the methyl of the methoxyl group is 
replaced by an ethyl group, the product being ethoxy dimethyl- 
cycfohexenylideneacetic acid, melting at 149° (compare p. 531). 

Hydrolysis of Ethyl EthoxydimethylcyclohexenylidenecyanoacetaU. 

The following experiments were carried out both with the ester 
A, melting at 106°, and with the ester B, melting at 97°, and as 
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« }£ W £'f > • '• V V; : . ■ * , • ■ 

ydrolysis ’affa tfce same, ndjmatter which of the 
j W0 is employed, the Sescriptioti of the experiments 

applies to either of them. 

j, J Vith Hydrochloric Acid. — Eight and a-half grama of the ester 
fere heated with 100 c.c. of concentrated hydrochloric acid under 
a reversed condenser for five hours, when, after extracting with 
after and working up in the usual way, 5 grams of an oil were 
obtained, boiling at 104 — 107°/ 25 mm. This fraction was identified- 
as trimethylcyc/ohexenone by preparing from it the semicarbazone, 
which melted at 193°, and the oxime, which melted at 77 — 78°. 

2. With Potassium Hydroxide. — Twenty-four grams of the ester 
were heated for two hours on the water-bath with 15 grams of 
potassium hydroxide dissolved in 200 c.c. of ethyl alcohol (if 
methyl alcohol is employed instead of ethyl alcohol, methoxydi- 
metbylcyc/ohexenylidenecyanoacetic acid is the product), and the 
product- worked up as described in the case of ethyl methoxy- 
dimethylcycfohexenylidenecyanoacetate (see page 530), when a solid 
was obtained, which was crystallised from aqueous alcohol and 



01114 gave 0*2718 C0 2 and 0*0731 H 2 0. C = 66*54 ; H = 7*29. 
0*2009 „ 9*4 c.c. N 2 (moist) at 8° and 752 mm. N=5*59. 
Ci S H 17 O s N requires C = 66*38; H = 7*23; N = 5*95 per cent. 

, Z-Ethoxy-\ : l-dim.ethyl-LA-cyclohexenylidene-5-cyanoacetic acid is 
readily soluble in all the ordinary organic solvents, except light 

C^ 2 <ph— ?^ GH 

C(CN)-C0 2 H 

petroleum. It crystallises from aqueous methyl or ethyl alcohol ' 
in clusters of minute needles, which melt and decompose at 149°, 
gas being steadily evolved at 153°. 

The molecular weight was determined by titration against 
standard potassium hydroxide solution, using phenolphthalein 'as 
indicator : 

0*1901 required 7*92 c.c. Nf 10-KOH. Calculated, 8*09 c.c. 

Found, M.W.—240. C 1S H 17 0 3 N requires M.W. =235. 

Z'Ethoxy- 1 : 1 -dimethyl- cyclo/i exenyliden e-5-ace tonitrU t was pre- V 
pared by heating 5 grains of ethoxydimethyleyefohexenylidene- 

CMe„<]j:^ ' C ^ 0E ^ >CH 

2 M 

CH*CN 

cyanoacetic acid under diminished pressure. A little above the 
melting point of the acid, carbon dioxide was given off, and as 
70L. XCVII. ' N N 
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- r» -IK . if 

soon as the evolution had ceased, the residual liquid; was distilled 
when the whole (3*7 grams) boiled at 162 — 164°/ 18 mm.: 

0-2272 gave 13*2 c.c. N 2 (moist) at 8° and 768 mm. N=7*10, 
C 12 H 17 ON requires U=7*32 per cent. 

The pure substance is a colourless, highly refractive, oily liq^y 
boiling at 163°/ 18 mm., and possessing an odour of hydrocyanic 
itcid. A Zeisel determination, carried out according to Perkin’s 
modified method, gave the following result: 

0-2468 gave 0*2745 Agl. OEfc=21*3. 

C 12 H 17 ON requires OEt — 23‘5 per cent. 

This result is somewhat low, but various investigators have 
found that ethoxyl determinations generally come out from 1 to 
2 per cent, below the calculated figure. 

The nitrile is only very slowly attacked by potassium hydroxide 
in alcoholic solution, giving a small amount of a substance 
crystallising from a mixture of chloroform and light petroleum, 
melting at 130°, and giving, on analysis, numbers agreeing with a 
formula C 10 H 15 O 2 N. It is probably, therefore, hydroxydimethyl- 
cycfohexenylideneacetamide (I), or, as it is devoid of any acid 
nature, it may be this substance in the isomeric ketonic form (II). 

* C3Me g <^ ^! C l° H c b>CH CMe 2 <™^> CH2 

HC’CO’NHo , - HC-CO*NH 2 

(I.) (II.) 

When heated with concentrated hydrochloric acid*. 8'5 grams of 
the nitrile gave 5 grams of a liquid having a camphoraceous odour, 
Siand boiling constantly at 105°/ 25 mm. This substance was 
identified as trimethylcycfohexenone by preparing the oxime, which 
melted at 78°, nor was this melting point lowered by admixture* 
with an equal quantity of the oxime of pure trimethylcyc/o- 
hexenone. 

Action of Ethyl Methylcyanoacetate on C hlorodimethylcjch- 
hexenone. 

Ethyl methylcyanoacetate was prepared by the interaction of 
ethyl sodiocyanoacetate and methyl iodide, according to the direc- 
tions of Auwers ( Annalen , 1895, 285, 283). The product, although 
stated by Auwers to be pure (N = 10*93 ; calculated, 11’02 per cent.), 
boiled for the most part at 190 — 195°, and subsequent experiments 
showed that it undoubtedly contained considerable amounts of 
ethyl eyanoacetate and also ethyl dimethylcyanoacetate, which sub- 
stances, if present in equivalent amounts, would account for the 
correct value for nitrogen quoted by Auwers, 
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Xwcnty-four grams of chlorodimethylcyc/ohexenone were added 
^ a mixture of 39 grams (2 mols.) of ethyl mcthylcyanoacetate and 
1 grams of sodium (2 atoms) dissolved in 42 c.c. of absolute ethyl 
alcohol. After heating on a water-bath for six hours, the reaction 
mixture was poured into water, extracted four times with ether 
(aqueous solution = A), the ethereal solution washed, dried, 
evaporated, and the residual liquid distilled in a current of steam, 
w hen all but a negligible quantity of a sticky resin passed over. 

The distillate, after extraction with ether, etc., yielded 24 grams 
of a liquid, which, after repeated fractionation, gave two main 
portions of about equal weight, boiling at 126 — 127° and 
190 — 195°, the latter consisting of ethyl methylcyanoacetate. 

The fraction 126 — 127°, from its odour and boiling point, 
appeared to be ethyl carbonate, and its identity with that substance 
was established by analysis : 

0‘1406 gave 0*2629 C0 2 and 0 1068 BUO. C = 50*99; H = 844. 

C 5 H 10 O 3 requires C =50-85; H = 8'47 per cent. 

The above-mentioned aqueous alkaline solution A was acidified 
with sulphuric acid, extracted with ether, and, after working up in 
the usual manner, yielded 32 grams of a viscid, oily liquid, which, 
after some time, partly solidified. The solid (5 grams) was 
separated by spreading on porous plate, and, after crystallisation 
from benzene, melted at 141°, cor was this melting point altered 
on mixing with ethyl hydroxy dimethykyriohexenylidenecyano* 
acetate (see p. 528). The formation of this ester is undoubtedly 
due to the unchanged ethyl cyanoacetate contained in the ethyl 
methylcyanoacetate employed. 

The oil, recovered from the porous plate by extraction with 
Aether, did not further solidify, and could not be distilled, even " 
under diminished pressure, without decomposing. It was therefore 
esterified by boiling for four hours with 300 c.c. of ethyl alcohol 
containing 5 per cent, of sulphuric acid. The resulting solution 
was worked up as already described, and the residue (18 grams) 
distilled under 32 mm. pressure, when the following fractions were 
collected : 

100 — 150° = 37 grams; 150 — 170° = Q.*4 gram; 

170 — 195° = 6*5 grams; 195 — 220° = 2*4 grams. 

The fraction 100 — 150° consisted principally of ethyl dimethyl- 
naalonate, for on hydrolysis it yielded dimethylmalonic acid, melting 
at 193° with evolution of gas : 

01088 gave 0-1824 C0 2 and 0*0597 H 2 0. C = 45*72; H = 6T0. 

C 5 H g 0 4 requires C =45*45; H = 6*06 per cent. 

The presence of ethyl dimethylmalonate proves that the original 

N N 2 
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ethyl mothylcyanoacetate dimethyl, 

cyanoacetate. 

The fraction 170—195°, on redistillation, passed over as a p a ] e 
yellow, refractive, oily liquid, and although it did not boil very 
constantly (170 — 180°/27 mm.), analysis and subsequent hydrolysis 
proved it to consist of 3-ethoxy-l : l-dimethyl-h?~cyc\ohexenyli(len e . 
f}-propio?iitrile : 

CMc,,<r™ 2 ' Cl ^ QE t )>CH 

L.ri 2 (j 

CHj’C'CN 

0*1145 gave 0*3178 C0 2 and 0 0951 H 2 0. 0 = 75*70; H = 9*23. 

C 10 H 19 ON requires C = 76*09; H = 9*26 per cent. 

The mechanism of the reaction giving rise to the corresponding 
hydroxydimethylcydohexenylidenepropionitrile has been already 
explained (see p. 524). 

Seven grams of the above nitrile were heated with 100 c.c. of con- 
centrated hydrochloric acid for five hours under a reversed con- 
denser. The product was poured into water, extracted four times 
with ether, the ethereal solution washed first with sodium hydroxide 
solution, then with water, dried, evaporated, and the residue 
(5 grams) distilled, when it boiled constantly at 119*5°/25 mm. 
as a colourless, refractive liquid, which proved to be dimethylethyl- 
cycJohexenone (compare Trans., 1909, 95, 28), the formation of 
which substance takes place in accordance with the following 
scheme : 

CMe 2 <^l^>CH CMe 2 <^^>C H 
CH S -C-CN CHj-C-COjH 

CHj-CH, 

0-1371 gave 0-3952 CO, and 01312 H,0. C = 78 61 ; H = 10'63. 

C j 0 H 16 O requires C = 78*94; H = 10*53 per cent. 

The oxime , prepared in the usual manner, is a viscid, oily 
liquid, boiling at 153°/28 mm., and solidifying on cooling to 
radiating clusters of flattened, transparent needles, melting at 
43 — 45°. It is so readily soluble in all the ordinary organic 
solvents that it was found to be most easily purified by distillation: 
0*1921 gave 14 c.c. N 2 (moist) at 18° and 763 mm. N=8*45. 

C 10 H 17 ON requires N = 8’38 per cent. 

As this oxime has not been previously described, a specimen was 
made for the purpose of comparison from pure dimethjlethylcycfo- 
hexenone, obtained in the manner formerly described ( loc . cit)- 
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jt was p^ope&es^i^feri,ticftl with the above- 

montioaed' ’oxime. ■ . 

The fraction 195 — 230° solidified after some time. After one 
crystallisation from benzene, it melted at 106°, and proved to be 
ethyl ethoxydimethylcyc^ohexenylidenecyanoacetate (see page 529). 

was mentioned on page 533 that when the aqueous alkaline 
liquid A was acidified with sulphuric acid, 5 grams of ethyl 
iydroxydimethylcycfohexenylidenecyanoaeetate separated, but evi- 
dently this separation is not a complete one, and the unaltered 
material is converted into its ethyl ether (m. p. 106°) during the 
process of esterification to which the residue was submitted. 

Action of Ethyl Acetoacetate on Ghlorodimethylcyclohexenone. 

Fifty-two grams (2 mols.) of freshly distilled ethyl acetoacetate 
were mixed with a solution of 9' 2 grams of sodium (2 atoms) in 
110 c.c. of absolute alcohol, and 32 grams (1 mol.) of chlorOK 
dimethylcycJohexenone added. The resulting red liquid waa* 
transferred to two soda-water bottles, which were securely corked, 
and then heated in a boiling-water bath for two hours. The 
reaction mixture was poured into water, extracted five times with , 
ether, and the ethereal solution washed, dried, and fractionated;*-; 
using a Young's rod-and-disk still-head. When the ether hadiK 
passed over, a small quantity of a liquid boiling at 65 — 
(residue = A) was obtained, which, after further purification, was 
proved to consist of ethyl acetate. t. - 

The residue A was distilled in a current of steam to remove 
unaltered ethyl acetoacetate, and the non-volatile portion extracted* 
three times with ether, the ethereal solution dried and evaporated; 

„ and the residue distilled, when nearly the whole (18 grams) passed 
over at 181°/ 27 mm. : 

0T242 gave 0 3106 C0 2 and 0*0972 H 2 0. C=68‘20; H = 8*69. f! ’ 
C 12 H 18 0 3 requires C = 68*57; H = 8*57 per cent. 

These numbers indicated that the substance was ethyl 1: 1-di- 
methyl-A^cycfohexen-3-one-5-acetate (Trans., 1909, 95, 23), and the 
identity of the two liquids was established by hydrolysing the above 
product with alcoholic potassium hydroxide ( loc . ciL) y when it 
yielded trimethyIcycfohexen-3-one, boiling at 99°/ 18 mm., charac- * 
tensed by the preparation of its oxime, which melted at 77—78°. 

The authors take this opportunity of expressing their thanks to 
the Research Fund Committee of the Chemical Society for a grant 
W ^ * n part, defrayed the expenses of this investigation. ‘ 

Research Laboratory, Pharmaceutical Society, 

17, Bloomsbury Square, W.C. 
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LYIL — The Influence of Colloids and Fine Suspensions 
on the Solubility of Gases in Water . Pan £ 

Solubility of Carbon Dioxide and Nitrous Oxide . 

By Alexander Findlay and Henry Jermain Maude Creighton 

M.A., M.Sc. (1851 Exhibition Science Scholar of Dalhousie 
University, Halifax, Nova Scotia). 

For many years the problem of the absorption of gases, more 
especially of oxygen and carbon dioxide, by blood baa claimed the 
attention of physiologists. In the case of oxygen the absorption 
has been regarded as being due, in greatest measure, to the 
formation of a compound with the haemoglobin of the blood; 
whereas, in the case of carbon dioxide, the increased absorption 
a a compared with a corresponding salt solution has been attributed 
to the reputed alkalinity of the blood, and the consequent formation 
of carbonate and bicarbonate. 

In recent years, however, different investigators (compare Hoeber, 
Pfluger’s Archiv, 1903, 99 , 572; Farkas, ibid., 1903, 98 , 551; 
Friedenthal, Verworns Archiv f, allgem. Physiologic, 1904, 4 , 44;- 
van Westenryk, Arch. exp. Path. Pharm. Suppl., 1908, p. 517) have 
shown by different methods that blood-serum is practically “ water- 
neutral/’ In view of these results, it seemed that possibly the 
absorption of carbon dioxide by the blood had been ascribed too 
exclusively to the alkalinity of blood, and it seemed not improbable 
# that the colloids present in blood play an important role (Findlay 
and Harby, Zeitsch. Chem. 2nd. Kolloide, 1908, 3 , 169; Wo. 
Ostwald, ibid., 1908, 2 , 264). Before this view could be tested, it 
was necessary to study the influence of colloids of various kinds on 
the absorption of gases, since our knowledge of this depended almost 
entirely on the few experiments carried out by Geffchen (Zeitsch. 
physikal. Chem 1904, 49 , 298), 

Preliminary experiments had shown that the increased absorption 
of carbon dioxide which occurred under atmospheric pressure in 
presence of certain colloids was due, probably, to chemical inter- 
action.- To obtain a deeper insight into the influence of colloids on 
gas solubility, it was deemed of importance to study the solubility 
under a series of presure3, and also to exclude effects due to chemical 
combination by studying the absorption of a neutral gas, nitrons 
oxide (with regard to the neutrality of nitrous oxide, see Geffchen, 
loc. cit., p. 301). This gas was chosen because its solubility in water 
is nearly the same as that of carbon dioxide. Experiments on the 
lines indicated were carried out during the year 1908-9 } the 
influence of ferric hydroxide, gelatin, arsenious sulphide, silicic acid, 
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dextrin, stoag^yeogen; egg’albumen, and serum-albumen as well 
3 , suspensions Of charcoal and silica, on the absorption of carbon 
dl(K ,de and nitrous oxide having been investigated at pressures 
vsrymg from about 750 mm. to 1400 mm. of mercury. 

Apparatus. 

The apparatus emptoyed was, in its essential points, the same 
as that used by Geffehen (foe. ext), the manometer tube, however 
being graduated and considerably lengthened to permit of absorm 
tions being earned out at pressures higher than atmospheric. The 
burette was connected with the absorption pipette by means of 
capillary copper tubing, m order to impart the necessarv flexibility 
to the apparatus The burette was contained in a glass mantle . 
through which water was caused to circulate, the temperature being 
maintained constant within 0'1° throughout a determination 
So long as the absorption of gas was allowed to take place under 
atmospheric pressure only, the dead space (that is, the ungraduatod 
portion, at the top of the burette and the volume of the tubes 
connecting it with the absorption vessel) does not require to be 
taken account of, as the initial and final conditions under which 
the gas is measured are the same. When, however, the absorption 
is allowed to take place at higher pressures, the volume of the dead 
space must be known. This was ascertained by measuring the total 
contraction of a known volume of gas and the volume in the dead 
space, produced by a known increase of pressure. 

Since the gas in the measuring burette was always kept dry, the 
XTl'd 0 / S . a ^ ra : tl0n ° f tte “ lution wift was approached from 
^0 toat r PreSSUre e l’ bUt P reca " tiras taken to make 
complete.^ F0C<SSS pti ° n at a »y g™» pressure was 

bol h d to/ii u w for the abwption of the « as ™ s 

boded to free rt from air; or in those cases where boiling was not 

Sed’prturr ld * by ^ P»-d -der 

»as a U r ing W P eriment8 the temperature of absorption 
" 0 ’ and . the ^penmental error did not exceed +0'25 per 

cent., and was in most cases less than this. ” r 

talcidartion of Results. 

The solubility was calculated by means of the formula- 

‘ « ' K&e - - 5 , 
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where 

Ci = concentration of the gas in the liquid. phash. 

v „ „ „ » gaseous phase. 

Vj » initial volume of the gas in the burette measured at the 
pressure P. 

v 2 — final volume of the gas in the burette measured under the 
pressure P+p. 

T = 

% = 

beginning of the experiment when v x was measured. 

= absolute temperature of the gas in the burette at the end of 
the experiment when v 2 was measured. 

P = barometric pressure. 

p = increase of pressure as shown by the manometer. 
p — vapour pressure of the liquid in the absorption pipette at the 
temperature T. 

Fj = volume of the gas space in the pipette at the temperature T t 
T 2 — volume of absorbing liquid ? in the pipette. 

Tho volume v% was corrected, when necessary, for the dead space 
j of the apparatus. Considering the experimental errors of deter- 
^mination, no correction was applied to the burette readings for 
Cubical expansion of glass, nor were the barometric readings 
corrected for temperature. 

I . — Solubility of Carbon Dioxide. 

The carbon dioxide employed for the following experiments was 
• ithe commercial product, which analysis showed to contain 0*58 per 
cent, of impurity. The following values were found for its 
solubility in pure water at 25° (table I) : 

Table 1 .— Solubility of Carbon Dioxide in Water. 

Pressure {mm. Ilg) ... 75 2 800 955 1059 1153 1351 


•Solubility 0-817 0 815 081C 0*817 0*818 0*8*20 

Pressure 743 841 955 1064 1243 1351 

Solubility 0*816 0*817 0*817 0*819 0*819 0*820 


As the mean of these and a number of other determinations we 
obtained the value 0*817 for the solubility of the carbon dioxide 
employed, the solubility being independent of the pressure within 
the limits of experimental error. The value found by Geffchen 
for pure carbon dioxide was 0*826. 


absolute temperature of experiment (thermostat temperature) 
absolute temperature of the gas in the burette at the 
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Hydroxide Solution* ; 

In preparing the solution of ferric hydroxide, the method recom- 
mended by A. A. Noyos (/. Amtr. Chem. Soe 1905, 37, 94) waa 
em ployed. To a molar solution of ferric chloride, molar ammonium 
carbonate solution was added until the precipitate which formed on 
each, addition barely dissolved. This mixture was then thoroughly 
dialysed-, first against tap water, and finally against distilled water, 
until soluble salts were removed. The concentration of the solution 
determined by precipitation of the hydroxide with ammonium 

sulphate. 

Fig. 1. 



j Pressure mm. Hg. 

Carlon dioxide and ferric hydroxide. 


Table 2 . — Solubility of Carbon Dioxide in Ferric Hydroxide 


Solutions (see Fig. 1). 

Concentration : 0*569 gram of Fe(OH) 3 in 100 c.c. of solution. 

Density = 1 '000. * 

Pressure 750 840 928 1015 1146 1356 

Solubility 0-848 0*843 0-841 0'842 0*845 0-846 

Concentration ; 0*854 gram of Fe(OH) 3 in 100 c.c. of solution. 
Density =1*003. 

Pressure 750 847 923 1040 1234 1822 

Solubility 0*862 0-858 0*856 0*857 0*860 0*861 

Concentration : 1*277 gram of Fe(OH) 3 in 100 c.c. of solution. 
Density =1*006. 

Pressure 746 841 {985 1071 1133 1256 

Solubility 0-886 0*881 0'880 0 878 0*878 0*887 
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v TA3LB 2 (continued ) . ' 

Concentration: 1*661 grams of Fe(OH) 3 in 100 c.c. of solution 
Density — 1*009. 


Pressure 747 831 918 1002 1150 

Solubility 0*904 0'901 0*896 0 900 0 900 0*902 


Geffchen ( loc . cit.) has stated that the comparatively rapid initial 
absorption of carbon dioxide is succeeded by a slow further absorp- 
tion. In our experiments this slow absorption was barely 
appreciable except at higher pressures, and was, even then, not 
great. 

The above numbers, when plotted, show that the increase of 
solubility under atmospheric pressure is proportional to the con- 
centration of the ferric hydroxide. 

(6) Dextrin, 

The dextrin employed was the purest supplied by Kahlbaum. It 
contained a slight quantity of impurity insoluble in water, and this 
was separated from the solutions before they were used for 
absorbing carbon dioxide. The solubility values are given in 
table 3. 

Table 3 . — Solubility of Carbon Dioxide in Dextrin Solutions. 
(See also Fig. 2). 

Concentration: 3*50 grams of dextrin in 100 c.c. of solution. 
Density = 1*008. 

Pressure 753 819 888 10(50 1171 1262 

Solubility 0799 0 800 0*800 0*800 0*801 0*803 

Concentration: 5*60 grams in 100 c.c. of solution. Density = 1*015. 

Pressure 754 806 856 971 1078 1247 

Solubility 0*785 0785 0784 0 787 0*787 0 791 

Concentration: 9*50 gTams in 100 c.c. of solution. Density =1*034. 

Pressure 753 817 864 960 1115 1286 

Solubility 0761 0756 0758 0759 0764 0768 

Concentration: 13'00 grams in 100 c.c. of solution. Density =1'040. 

Pressure 741 7 9 8 882 9 62 1131 1256 

Solubility 0*746 0*741 0742 0*745 1 0*749 0*751 

Concentration: 18*90 grams in 100 c.c. of solution. Density = 1 ’064. 

Pressure 748 846 934 1031 1180 1344 

Solubility 0*715 0*710 0713 0716 0*720 0725 

Concentration: 20*60 grams in 100 c.c. of solution. Density = 1*069. 

Pressure 728 826 920 3008 1161 1356 

Solubility 0703 ^ 0*697 0*698 0*700 0*704 0*710 
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fine 

As shown in Ufig. 8, the solubility diminishes in almost exact 
proportionality with the increase in concentration of the dextrin. 

(c) Arsenious Sulphide. 

The arsenious sulphide was prepared by passing hydrogen sulphide 
^to a solution of pure arsenious oxide until the latter was saturated. 
The greater part of the excess of- hydrogen sulphide was then 
expelled by bubbling hydrogen through the liquid, which was then 
filtered before being used. As colloidal solutions of arsenious 


Fic. 2. 



Pressure in mm. Hg. 
Carbon dioxide and dextrin. 


sulphide decompose on boiling, the last traces of dissolved air were 
removed by placing the liquid under diminished pressure, although 
this led to the formation of a very thin film on the surface of the 
liquid. This behaviour is similar to the formation of films on the 
surface of peptone solutions observed by Metcalf ( Zeitsch . physikal. 
Vhem., 1905, 52, 1), and is no doubt to be regarded similarly as 
an illustration of Gibbs's principle of increased surface 
concentration. 

The amount of arsenious sulphide in the solutions was determined 




^ble 4 . — Solubility of Carbon Di-oxide in Solutions of Arsenioui 
Sulphide . 

Concentration : 0*392 gram of As 2 S 3 in 100 c.c. of solution. 


Density — 0'997. 

Pressure 756 891 951 1047 1172 I 259 

Solubility 0*816 0*817 0*8U 0'816 0*818 0*820 

Concentration: 1'410 grams in 100 c.c. of solution. Density = 1*003. 

. Pressure 756 851 972 1082 1137 1281 

Solubility 0*810 0*810 0*812 0*810 0*812 0*811 

Concentration : 2*289 grams in 100 c.c. of solution. Density = 1*007. 

Pressure 754 853 938 1003 1068 1211 

Solubility 0*806 0*806 0*806 0*806 0*806 0*806 


( d ) Starch. 

For these experiments Kahlbaum’s pure soluble starch was 
employed. 


Table 5. — Solubility of Carbon Dioxide in Solutions of Starch, 
(See al^o Fig. 3.) 

Concentration: 2*50 grams of starch in 100 c.c. of solution. 
Density =1*009. 

: Pressure 752 849 951 1050 1182 1334 

Solubility 0*796 0*797 0*799 0*801 0*804 0*806 

Concentration: 5*00 grams in 100 c.c. of solution. Density=l*016. 

Pressme 753 840 912 1021 1198 1298 

Solubility 0*778 0*780 0*781 0*784 0*789 0*790 

Concentration; 7*50 grams in 100 c.c. of solution. Density- 1*023. 

Pressure 752 8 60 3 016 1 078 1201 1351 

^lability 0*762 0*764 0*767 0*769 0*772 0*774 

Concentration : 10 00 grams in 100 c.c. of solution. Density =1*030. 

Pressure 758 893 982 1 087 1163 1337 

; Solubility 0*750 0*753 0*754 0*756 0*759 0*760 

It was observed in the case of the above solutions that the time 
required to saturate the solution with gas was much greater than in 
most of the other cases studied. The relation between starch 
concentration and solubility is shown in Fig. 8. 
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> («) Gelatin. 

French shiest gelatin, which was found to be free from salts, was 
jjggd, Solutions containing as much as 6 per cent, of gelatin were 
quite mobile at 25°. « 
r Fm. 3. 



Pressure, in mm. JTg. 

Carbon dioxide and starch. 

Table 6. — Solubility of Carbon Dioxide in Solutions of Gelatin: 
See also Fig. 4.) 

Concentration : 1*06 grams of gelatin in 100 c.c. of solution. 


Density =0*999. .:{ 

Pressure 746 825 901 1011 1184 1369 

Solubility 0*815 0*814 0*814 0*815 0*815 0*815 

Concentration: 168 grams in 100 c.c. of solution. Density = 1*000. 

Pressure 740 837 938 1072 1219 1324 

Solubility 0*819 0*816 0*816 0*816 0817 0*817 

Concentration: 3*36 grams in 100 c.c. of solution, Density = 1*003. 

Pressure 741 826 943 1068 1220 1387 .:k 

Solubility 0*826 0*819 0*818 0*818 0*819 0*820 

Concentration: 6*09 grains in 100 c.c. of solution. Density = ?0Q8. 

Pressure 746 836 936 1045 1194 1371 - 

Solubility 0*885 0*827 0*824 0*824 0*825 0*826 


The influence of concentration of gelatin on the solubility at 
atmospheric pressure is shown in Fig. 7. 

Although dilute solutions of gelatin quickly become saturated 
with gas, the absorption takes place more slowly in the case of the 
more concentrated solutions. On reducing the pressure, the gas 
escaped rapidly from the solution, so as to cause considerable 
frothing. The question of rate of evolution of gas is, however, a 
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special one, and, on account of its importance in various dirccti 
will require to be investigated specially. 1008 

Further, absorption of carbon dioxide appreciably lowered tb 
gelatinising temperature of the solution, thus producing an e ff t 
similar to peptonisation. Whether the effect is h temporary 0 r 
permanent one, we have not yet investigated. 1 

if) Glycogen. 

Kahlbaum’s pure glycogen was employed. In order to free it 
from the small quantities of the salts which it contained, it was 
subjected to dialysis, toluene being added to prevent putrefaction 



Pressure in mm, IJg. 

Carbon dioxide and gelatin { — ). 

Carbon dioxide and glycogen ( ). 

Table 7. — Solubility of Carbon Dioxide in Solutions of Glycogen 
(see also Fig. 4). 

Concentration: 0 34 gram of glycogen in 100 c.c. of solution. 


Density— 0*998. 

Pressure 759 859 959 1132 1247 1368 

Solubility ... 0*819 0*805 0*810 0*812 0*810 0*810 

Concentration: 0’6S gram in 100 c.c. of solution. Density =1*000. 

Pressure 759 842 954 llH 1277 1371 

Solubility 0*817 0*805 0*807 0*807 0*807 0*807 


As it was impossible to remove all the toluene from the glycogen 
solutions, the experimental values of the solubility had to be 
corrected for the slight lowering of solubility produced by the 
toluene. The numbers in the above table are such corrected values, 
but they are probably not quite so accurate as in the previous 
cases. We may assume, however, that the relative values at different 
pressures and concentrations are unaffected by the correction. 
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„ ^ v ■ .'lC •: 

' iff) Egg-Albumen. 

This was prepared from fresh eggs by the improved method of 
gofnieisfcer (J . Physiol 1898, 23, 130), Pure crystals were obtained 
from the first crystalline precipitate as follows. The precipitate 
was washed with three changes of half saturated ammonium 
sulphate solution, which contained one part of glacial acetic acid 
per thousand. The crystals were then dissolved in the minimal 
quantity of water, and, while constantly stirring, a saturated 
solution of ammonium sulphate was added slowly until a distinct 
precipitate was formed; then, in addition, further 2 c.c. of the 
sulphate solution were added for each 1000 c.c. of albumen solution. 
At the end of several days crystals were obtained. 

As these crystals are not pure albumen, but contain ammonium 
sulphate either in combination or in solution, they were dissolved 



Carbon dioxide and egg-albumen ( — ). 

Carbon dioxide and serum-albumen ( ). 

in water and dialysed until free from ammonium salts. A small 
quantity of toluene was added to prevent putrefaction. 

The amount of albumen in solution was determined by heating 
the solution until the albumen was completely coagulated, the 
coagulum being then dried at 100° and weighed. 

Table 8. — Solubility of Carbon Dioxide in Solutions of Egg- 
Albumen (see also Fig. 5). 

Concentration: 0'50 gram of albumen in 100 c.c. of solution. 
Density = 0*999. 


Pressure 

Solubility 

.... 729 

.... 0-806 

849 

0-795 

1004 

0-802 

1125 

0-810 

1236 

0-812 

1850 

0-816 

Concentration : 

1*00 gram 

in 100 

c.c. of solution. 

Density = 1*002. 

Pressure .. 

... 734 

836 

984 

1089 

1257 

1358 

Solubility 

.... 0-800 

0-784 

0794 

0-801 

0 810 

0-812 
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Concentration : 1*61 grams in 100 c.c. of solution; 


Pressure 738 841 966 1123 1239 

Solubility 0*791 0773 0*783 0797 ” 0*801 


fc Y ==1*005. 
1359 
0*804 


V The influence of concentration of albumen on the solubility at 
^atmospheric pressure is shown in Fig. 7. 


(h) Serum* Albumen. 

Neutral serum-albumen was prepared from fresh ox-blood by a 
;metliod due to Pauli. The blood-serum, to which was added a 

Fig. 6. 



small quantity of toluene to prevent putrefaction, was placed in 
small parchment cells suspended in closed glass vessels filled with 
distilled water. The serum was dialysed for six weeks against 
distilled water saturated with toluene. During the first three weeks 
the water was changed daily, thereafter every second day. The 
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eoncentrationl^g^^soiutibns* -was determined as in the case of 

solutions 

Table 9 .—Solubility of Carbon Dioxide in Solutions of Serum - 
Albu/mtn (see also Fig. 5). 

Concentration : 0*44 gram of albumen in 100 c.c. of solution. 
Density = 0'998. 

Pressure 748 844 945 1089 1246 1415 

Solubility 0*804 0*800 Q‘802 0*804 0*806 0 806 

Concentration: 1*29 grams in 100 c.c. of solution. Density — 1*000. 

Pressure 744 838 966 1066 1261 1 1431 

Solubility 0*779 0*774 0*778 0*785 0*789 0*792 

The influence of concentration on the solubility at atmospheric 
pressure is shown in Fig. 7. 

(i) Silicic Acid. 

Solutions of silicic acid were prepared by dissolving pure silica 
in potassium hydroxide and adding excess of hydrochloric acidj^. 
The liquid was then dialysed, first against tap water, and theite 
against distilled water, until free from chloride. 

Table 10. — Solubility of Carbon Dioxide in Solutions of Silicic 
A cid. 

Concentration: 1*40 grams of Si0 2 in 100 c.c. of solution. 


Density = 1*000. 

Pressure 731 829 936 1064 1193 1354 * 

Solubility 0*822 0*819 0 816 0 *816 0*816 0 816 

Concentration: 2*20 grams in 100 c.c. of solution. Density =1*002. 

Pressure 732 836 938 1038 1178 1335 

Solubility 0 828 0 822 0*820 0*820 0*820 0*820 

Concentration: 2*80 grams in 100 c.c. of solution. Density =1*003. 

Pressure 731 873 960 1050 1203 1330 

Solubility 0*831 0*825 0*824 0*823 0*824 0*825 


In this case the solubility-pressure curves are similar in form to 
those for carbon dioxide and ferric hydroxide (Fig. 1). 

The influence of concentration on the solubility at atmospheric 
pressure is shown in Fig. 7. 


(j) Suspensions of Charcoal and of Silica. 

Suspensions of Kahlbaum’s well-powdered bone charcoal and of 
pure silica were employed. Tho solubility of carbon dioxide in 
presence of such suspensions is given in the following table : 

VOL. XCVII. 
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AND 


0*236 ^graari ofcharcoalin 100 Density = 1*000. 


Pressure ............ 743 

Solubility 0*815 


812 
0 *823 


909 
0 845 


1069 

0-892 


1160 1250 

0-919 0-940 


0*253 gram of silica in 100 c.c. Density = 1*000. 


Pressure 748 849 962 1048 1182 1274 

Solubility 0*814 0815 0818 0*819 Q*821 0*822 


1372 

0-950 


1359 

0-824 


Fig. 7. 



In the case of charcoal suspensions, the initial comparatively 
rapid absorption of gas was followed by a comparatively slof 



0 2*5 5*0 7-5 10*0 12'5 15*0 17*5 

Concentration in grams per 100 c.c. solution. 


absorption lasting from six to ten hours. The solubility values 
given in the above table are calculated from the maximum volume 
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of ol silica. suspensions, :1 

the liquid, became saturated with the carbon dioxide, no 

alow absorption being observed. 

*11 . — Solubility of Nitrous Oxide . 

The nitrous oxide was prepared by heating pure ammonium 
titrate in a flask at about 210—225°. Before the heat was applied, 
the flash was thoroughly exhausted. When the pressure of nitrousg 
coxide in the apparatus had become equal to atmospheric pressure 
(a manometer was attached to the apparatus), a certain amount of;: 
the gas was allowed to escape into the air. The outlet to the air w . 
was then closed, and the nitrous oxide caused to bubble through 
solutions of potassium hydroxide and ferrous sulphate before being* 
stored in a gasholder filled with brine. Before being used, it wsia 
dried by means of calcium chloride and phosphoric oxide. Thaf 
solubility of the nitrous oxide in water, and in water containing^ 
colloids and suspensions, was then determined in exactly the samijg 
manner as with carbon dioxide. The following tables contain tihjjl 
results obtained. ; f'~ 


Table 12. — Solubility of Nitrous Oxide in Water. 


Pressure 

oo 

tr, 

b. 

842 

967 

1041 

1185 

1362 

Solubility 

.... 0*592 

0*593 

0*592 

0*593 

0*592 

0*592 


.... 768 

831 

997 

1082 

1214 

1351 

Solubility .... 

.... 0*592 

0*593 

0*592 

0*593 

0*594 

0*592 

Pressure 

.... 758 

888 

971 

1091 

1190 

1281 

Solubility 

.... 0*591 

0*592 

0*591 

0*592 

0*593 

0*593 


From these and other similar determinations, the mean value ofi 
the solubility of nitrous oxide in water was found to be 0*592, th<*| 
solubility being independent of the pressure within the limits^ 
investigated. •. jfS 


Table 13 —Solubility of Nitrous Oxide in Fernc Hydroxide 
Solutions (see also Fig. 9). i Tv 

Concentration: 0*625 gram of Fe(OH) 3 in 100 c.c. of solution.- 


Density = 1*001. . ^ 

Pressure 758 846 934 1010 1121 1383 

Solubility 0*590 0*586 0*584 0*588 0*588 0*588 

Concentration: 1*49 grams in 100 c.c. of solution. Density =1'008.^ 

' Pressure 734 828 935 1078 1215 1432 

Solubility 0*586 0'579 0*577 0*581 0*585 0*586 

Concentration : 4*061 grams in 100 c.c. of solution. Density = 1*029. 

Pressure 754 835 8S8 1093 1208 1358 

Solubility 0*578 0*573 0*571 0*574 0*579 0*5S0 

O O 2 
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Contrary to the behaviour of caffcOn dioxide, the solubility 0 f 
nitrous oxide is lowered by ferric hydroxide, the diminution of solu- 
bility being practically proportional to the concentration, as shown 
in Fig. 14. ' Further, the behaviour of nitrous oxide is unlike that 
of carbon dioxide, in that there is no long period of slow absorption 
observable, neither at high nor at low pressures. 



750 850 950 1050 1150 1250 1350 1450 


Pressure in mm. Eg, 

Nitrous oxide and dextrin ( — ), 

Nitrous oxide and ferric hydroxide ( — - — ). 

Table 14. — Solubility of Nitrous Oxide in Solutions of Dextrin 
(see also Fig. 9). 

Concentration: 6' 98 grams of dextrin in 100 c.c. of solution. 


Density = 1*018. 

Pressure 739 822 949 1092 1239 1368 

Solubility 0*549 0*550 0 555 0*560 0*562 0 569 

Concentration: 13*01 grams in 100 c.c. of solution. Density =1*039. 

Pressure 729 8 36 914 1 023 1 237 1358 , 

Solubility 0*529 0*523 0*526 0*533 0*540 0*544 

Concentration: 20*30 grams in 100 c.c. of solution. Density =1*062. 

Pressure 740 836 911 1149 1290 1360 

Solubility 0*503. 0*499 0*503 0*509 0*513 0*516 

Compare also Fig. 15. 
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Table lb. ^—Solubility of Nitron* Oxide in Solutions of Arseniou * 
Sulphide. 

Concentration : 1*85 grams of As. 2 S 3 in 100 c.c. of solution. 


Density = 1*004. 

Pressure 746 820 924 1055 1196 1346 

.Solubility 0*591 0 590 0*590 0 592 0*593 0*593 

Concentration: 2*29 grams in 100 c.c. of solution. Density = 1*007. 

pressure 746 850 1006 1110 1209 1300 

Solubility 0*590 0*586 0*588 0*589 0*589 0*590 


From these figures it is seen that arsenious sulphide is without 
influence on the solubility of nitrous oxide. 



750 850 950 1050 1150 1250 1350 1450 

Pressure in mm. Eg. 

Nitrous oxide and'slarch ( — ). 

Nitrous oxide and glycogen ( ). 

Table 16.- — Solubility of Nitrous Oxide in Solutions of Starch 
(see also Fig. 10). 

Concentration:* 2*50 grams of starch in 100 c.c. of solution. 


Density = 1*009. 

Pressure 742 871 1020 1166 1284 1441 • 

Solubility 0*580 0 576 0*575 0*578 0 581 0*582 

Concentration: 6*89 grams in 100 e.c. of solution. Density = 1021, 

Pressure 742 848 929 1046 1261 1381 

Solubility 0*561 0*554 0*553 0*554 0*562 0*567 

Concentration: 10*00 grams in 100 c.c. of solution. Density = 1*030. 

Pressure 742 860 948 1071 1239 1350 

Solubility 0*550 0*544 0*545 0*545 0*553 0*555 

Concentration : 13*73 grams in 100 c.c. of solution. Density = 1*040. 

Pressure 739 836 982 1136 1252 1387 

Solubility 0*537 0*532 0*530 0*535 0*536 0 538 
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The influence of concSfitrktidnTOi shown - n 

Fig. 15. 

'jjfc 

*. >* ^ 

Table 17.- — Solubility of Nitrous Oxide in Solutions of Gelatin' 
(see also Fig. 11). 

■Concentration: 1*31 grams of gelatin in 100 c.c. of solution." 
Density = O' 999. 


. Pressure 

731 

849 

937 

1069 

-1176 

1328 , 

Solubility .. 

0*589 

0*590 

0*590 

0*592 

0*592 

0*592 

Concentration 

3'09 grains 

in 100 

c.c. of solution. 

Density 

= 1*003. 

Pressure ..... 

...... 730 

858 

950 

1089 

1230 

1373 

Solubility . . 

0*581 

0*5S2 

0*584 

0*586 

0*588 

0*588 

^Concentration 

6*06 grams 

in 100 

C.C. of l 

solution. 

Density 

= 1*008. 

yv; ; Pressure 

730 

850 

961 

1097 

1247 

1379 " 

; Solubility .. 

0-560 

0*563 

0*566 

0*568 

0*570 

0-571 ■ 


| The influence of concentration of gelatin on the solubility 
kb own in Fig, 14. 

; Fig. ll. 


0*6000 


| 0*5800 


0-5600 

750 850 950 1050 1150 1250 1350 1450 

Pressure in mm. Eg. 

Nitrous oxide and gelatin. 



Table 18. — Solubility of Nitrous Oxide in Solutions of Glycogen 


(see Fig. 10). 

Concentration : 0'49 gram of glycogen in 100 c.c. of solution. 
Density =0' 999. 

Pressure 738 889 977 1102 1 239 1386 

. Solubility 0’590 0*588 0*591 0*694 0*594 0*594 

Concentration: 1*00 gram of glycogen in 100 c.c. of solution. 
Density =1*002. 

lt : Pressure 73 7 8 7 1 991 1050 1 201 1360 

p Solubility 0*585 0*584 0*589 0*591 0*594 0*596 


The influence of concentration of glycogen on the solubility of 
nitrous oxide is shown in . Fig. 14. 
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O^ej^i buttons of Egg - 
y* , Albumen (see also Fifh 12), 

Concentration : 0*35 gram of albumen in 100 c.c. of solution. 


T £ Density = 0*998. 

pressure.... 735 830 954 1139 1249 1363 

Solubility 0*580 0*578 0 580 0*581 0*580 0*580 •;* 

Concentration: 0*75 gram in 100 c.c. of solution. Density = 1*000 

: pressure 735 820 * 872 951 1104 1344 4 

F Solubility 0*569 0*562 0*564 0*567 0*573 0*577 £ 

Concentration: 1*60 grams in 100 c.c. of solution. Density = 1*005 

*' pressure 729 811 886 946 1199 1399 i 

Solubility 0*548 0*535 0*540 0*544 0*553 0*558 


The influence of concentration on solubility is shown in Fig. 14 


Fig. 12. 



Pressure in mm. II g. 

Nitrous oxide and egg-albumen ( — ). 
Njtrous oxide and scruj/i-albumen ( — ). 


Table 20 . — Solubility of Nitrous Oxide in- Solutions of Serum 
Albumen (see also Fig. 12). _ J 

Concentration: 0*32 gram of serum-albumen in 100 c.c. 


Density = 0998. 

Pressure 746 873 978 1126 1259 1395 

Solubility 0*583 0*581 0*579 0*586 0*588 0*591 ..A 

Concentration: 1*40 grams in 100 c.c. of solution. Density = 100T» 

Pressure 743 842 913 1048 1228 1388 - . v 

Solubility 0*537 0*538 0*545 0*550 0*558 ^ 0*562 


The influence of concentration on solubility is shown in Fig. 14. 
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Table 21 . — Solubility of Nitrous Oxide in Solutions of Silicic Acid 
(see also Fig. 13). 

Concentration : 1*87 grams of Si0 2 in 100 c.c. of solution. 


Density = 1*001. 

Pressure 748 825 921 1046 1217 1349 

Solubility 0*596 0*598 0*598 0*600 0*602 0*604 

Concentration: 3*63 grams in 100 c.c. of solution. Density = 1*005 

Pressure 741 848 994 1122 1217 1394 

Solubility 0*601 0*602 0*605 0*607 * 0*608 0*609 


The influence of concentration on the solubility is shown in 
Fig. 14. 


Fig. 13. 



Pressure in m H g. 

Nitrous oxide and charcoal and silica ( — ). 
Nitrous oxide and silicic acid ( ). 


Table 22. — Solubility of Nitrous Oxide in Water containing 
Charcoal and Silica in Suspension (see also Fig. 13). 

100 c.c. of liquid contained 0*227 gram of charcoal. Density =1*000. 


Pressure 729 824 936 1034 1150 12B4 1356 

Solubility 0*596 0*600 0*618 0*635 0*648 0*661 0*674 

100 c.c. of liquid contained 0*30 gram of Si0 2 . Density =1'000. 

Pressure 730 . 846 960 1081 1224 1365 1481 

Solubility 0*592 0*593 0*595 0*597 0*597 0*600 0*602 
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lH.-— Solubility of Carbon Dioxide in Solutions of Aniline. 

In order that the solubility curves previously obtained might 
jje compared directly with a case -where chemical combination is 
known to occur, the solubility of carbon dioxide in solutions of 
aniline was determined. The results are contained in table 23. 



Table 23. 

Concentration : 0'206 gram of aniline in 100 c.c. of solution. 

Pressure 748 808 920 1053 1159 1243 

Solubility 0*865 0*855 0*857 0*855 0*862 0*860 

Concentration: 0'425 gram in 100 c.c, of solution. 

Pressure 760 816 921 1150 1236 1380 

Solubility 0*909 0*897 0*897 0-897 0*902 0'908 

Concentration: 0'566 gram in 100 c.c. of solution. 

Pressure 760 823 941 1082 1223 1341 

Solubility 0*935 0‘929 0*925 • 0-923 0*924 0*930 

Concentration: 0'743 gram in 100 c.c. of solution. 

Pressure 760 895 983 1063 1223 1302 

Solubility 0*953 0*941 0*940 0*940 0*940 0*942 

The solubility-pressure curves are similar in form to those for 
carbon dioxide and ferric hydroxide (Fig. 1). 

IV . — Solubility of Carbon Dioxide in Solutions of Potassium 
Chloride. " 

Although many investigators (see Steiner, Anncden , 1894, 52, 
275; Gordon, Zeitsch. physical. Chem., 1895, 18, 1; Braun, ibid,, 
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1900, 33^21; 


and 


57, 611) have studied the influence of dissolved substances, both 
electrolytes and non-electrolytes, on the solubility of gases' m $i 


Fiq, 15. 



Investigations have always been made at only one pressure. Jj| 
§)rder that a comparison might be made between the influence f| 
* colloids and suspensions (emulsoids and suspensoids) and of true 


0*8400 


0*8000 

« 0*7500 

I 

£ 

0-7200 


0*6800 

750 850 950 1050 1150 1250 1350 14i>0 

Pressure in mm. Hg. 

Carbon dioxide and potassium chloride. 

■ solutions, the solubility of carbon dioxide in solutions of potassium 
chloride at different pressures was determined. The results are 
contained in table 24, and represented in Fig. 16, , 
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Table 24 (see also Fig. lf)% 


Concentration : 7'45 grams of KC1 in 100 c.c. of solution. 
Density = 1*043. 


Pressure 

... 756 

850 953 

1116 

1249 1362 

Solubility 

... 0-694 

0*693 0-688 

0*700 

0-709 0*710 

Concentration : 

5' 00 grams of KC1 in 

100 c.c. 

Density = 1 '031. 

pressure 

... 756 

832 901 

1050 

1150 1223 

Solubility ...... 

... 0*731 

0-727 0-724 

0*726 

0*735 0*736 

Concentration : 

2*56 grams of KC1 in 

100 c.c. 

Density — 1*016. 

Pressure 

.... 756 

852 981 

1079 

1190 1362 

Solubility 

... 0-767 

0*761 0*761 

0*762 

0768 0*766 


Discussion of Results. 

A glance at the curves given on the preceding pages will showM 
?that many peculiarities of behaviour are found in the solubility® 
jrof gase 3 in liquids when that solubility is investigated, not, aafp 
previously, at only one pressure, but at different pressures. SoS| 
varied, indeed, is the influence, not only in degree, but in Hndjjg 
l of the different solutes or pseudo-solutes and suspensions on th^g 
•solubility of carbon dioxide and nitrous oxide, that conclusions!! 
i-drawn from the behaviour under one pressure might be veryjlj 
erroneous when considered for another pressure. 

The substances the influence of which on the solubility of thofjl 
two gases, carbon dioxide and nitrous oxide, has been studied^ 
may be divided into emulsoids and suspensoids. To the former 1 ^ 
class belong ferric hydroxide, gelatin, starch, glycogen, . egg-|p 
albumen, serum-albumen, and silicic acid; to the latter class;^ 
arsenious sulphide, charcoal, and silica. Dextrin may, perhaps, 
regarded as intermediate between a true solute and an emulsoid.'ff 
Aniline and potassium chloride have been included merely for theps 
purposes of comparison. 1$ 

In the case of the emulsoids, we see that under atmospheric^ 
silicic acid increases the solubility, both of carbon dioxide; ; 
and of nitrous oxide; ferric hydroxide and gelatin increase the? 
solubility of carbon dioxide but diminish the solubility of nitrous! 
oxide; and the other emulsoids decrease the solubility of both the | 
gases Of the suspensoids, arsenious sulphide is practically without^ 
influence on the solubility of either gas, while charcoal and silica ! 
increase the solubility of both gases. Lastly, dextrin decreases 
the solubility of both carbon dioxide and of nitrous oxide. 

What the nature of the interaction may be in the case of 
gelatin and carbon dioxide is not, perhaps, quite easily decided, 
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Gelatin, a& is known, is an amphoteric substance and may therefore 
function as a weak base. It seems to us, however, to he doubtful 
if this basic property is sufficient in itself to explain the whole 
increase in the solubility. Possibly some more complicated action 
occurs, an indication of which appears to be given by the effect 
of carbon dioxide in lowering the gelatinisation point of gelatin 
solutions already referred to (p. 544). 

In the case of ferric hydroxide, as has already been pointed out 
by Luther and Krsnjavi ( Zeitsch . physikcd. Chem ., 1905, 46, 170) 
there is probably complex ion formation. The formation of a 
ferric carbon ate appears from the work of Raikow (Chem. Zeit 

1907, 31, 87) and of Cameron and Robinson (J. Physical Chem. 

1908, 12 , 661) to be excluded. 

Although in these cases we may regard chemical combination as 
being one of the causes, perhaps the main cause, of the increased 
solubility of carbon dioxide, it is difficult to adopt a similar 
explanation in the case of silicic acid, which increases the solubility 
both of carbon dioxide and of nitrous oxide. In the latter case 
an explanation is more probably to be sought in the phenomena of 
adsorption (see also p, 560). 

Solubility Referred to the Water in the Solutions. — With regard 
to the lowering effect of electrolytes and non-electrolytes on the 
solubility of gases in water, the view has been expressed, more 
especially by J. C. Philip (Trans., 1907, 91, 711), that the observed 
depression can be explained on the assumptions: (1) that only 
the water in the solution acts as solvent for the gas, and that this 
solvent power is not affected by the presence of the solute; (2) that 
the solute molecules are more or less hydrated, and therefore 
diminish the amount of active solvent for the gas; (3) that the 
gas does not dissolve in the solute, whether anhydrous or hydrated. * 

It must be borne in mind that th§ cases investigated by ns are 
not generally comparable with those to which Philip applied his 
theory, for with the exceptions of the solutions of potassium 
chloride, and, possibly, dextrin, the solvent systems were not homo- 
geneous, but must be regarded, most probably, as heterogeneous. 
And that alters the case entirely. 

With regard to the solutions of potassium chloride, it may be 
mentioned that the values calculated for the degree of hydration 
vary from 6'42 to 8‘68 molecules of water to one molecule of salt. 
These numbers are rather lower than those calculated by Philip, 
but not greatly so. 

In the case of dextrin, however, it is evident that the solutions 
of dextrin show considerably different behaviour, according as 
the solubility of carbon dioxide or of nitrous oxide is investigated. 
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>#- J'-'*- " V*. *•> V-; ■ 

In the forn^fiw case pr&focaily s no hydration is evidenced; in the 
latter case a slight amount of hydration would' be calculated. But , 
in the case of carbon dioxide it will be seen that the numbers 
presenting the solubility referred to water in the solution 
dimfnisii with increase of concentration, whereas in the case of 
nitrous oxide, the numbers increase. 

ft does not appear to us that sufficient evidence has yet been 
adduced in support of the theory put forward by Philip. More- 
over, we believe that the solubility curves which we have obtained 
at higher pressures show the necessity of extending the range of 
investigation in this direction. On this we are at present 
‘ engaged* 

Change of Solubility with Pressure .— Whatever conclusions may^ 
be drawn as regards the influence of the suspensoids and emulsoids 
oti the solubility of carbon dioxide and nitrous oxide from deter- 
minations at one pressure, they must to a greater or lesser degree be 
found inaccurate when applied over a range of pressures; for as 1 
the figures previously given show, the solubility is not independent 
of the pressure (as it is in the case of pure water), nor are the? f 
solubility curves for solutions of different concentration in all cases 
parallel. * % 

Assuming that the influence of ferric hydroxide and of gelatin-- 
is mainly due to chemical combination with formation of a 
largely hydrolysed compound, we should expect that the 
solubility-pressure curve would first fall, owing to hydrolysis, 
and then remain nearly horizontal, owing to the diminution of 
hydrolysis by addition of carbonic acid. This is the type of curve 
obtained with aniline and ferric hydroxide, but is better seen in ; 
the case of the more weakly basic substance gelatin. Looked at 
in this way, the curve for carbon dioxide and silicic acid would 
also indicate chemical combination, and we should therefore have 
to assume that silicic acid is amphoteric (for which we do not 
know of any other evidence), or that between silicic acid and 
carbonic acid a reaction takes place comparable with that between 
silicic acid and hydrofluoric acid, the compound formed being 
highly hydrolysed. 

As regards the influence of suspensions of charcoal and silica on 
the solubility of carbon dioxide and nitrous oxide, and of silicic 
acid on the solubility of nitrous oxide, it will be noticed that we 
are here dealing with curves similar to those obtained by other ' 
investigators for the absorption of gases or of dissolved substances 
by charcoal 

Since this was written, a paper has appealed (this vol, p. 66) by F. L, Usher, 
w o fails to find confirmation of the theory put forward by Philip. 
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Similarly is also &bt) wiF bf WStr * 1 dtfiT ex ami n p * 

i relation between tW con^lnttatio^ of '^as in ffo wflfer and in 
solid, the, general relationship c%jci = const., found bv mw 6 

c « _ j l: w „*L . 1_. 1. ■ ... ^ vi0ll 5 


workers for u adsorption ” phenomena, also holds in the present 
cases. Here c 2 weight of gas taken up by the wat*r ' 

100 c.c. of the suspension, and c* the weight taken up by the 
suspended solid, x we have found to be equal to 4. 


Table 25. 

... Charcoal and Carbon Dioxide , f Charcoal and Nitrous Oxide 

0*236 gram of Charcoal in 100 c.c. 0*227 gram of Charcoal in 100 cc 


Pressure. 

C]. 


4l c i* 

Pressure. 

«i* 

■ e,. 

<*lc j. 

950 

0*0086 

0*1837 

0*132 

950 

0*0059 

0*1332 

0*053 

1000 

00127 

0*1934 

0*110 

1000 

0*0085 

0*1402 

0*048 

1050 

0*0178 

0*2030 

0*099 

1050 

0*0109 

0*1472 

0*043 

1150 

0*0266 

0*2224 

0*092 j 

1150 

0 0151 

0*1613 

0*045 

1250 

0*0365 

0*2417 

0*098 , 

1250 

0*0200 

0*1753 

0*047 

1350 

0*0430 

0*2610 

0*108 1 

1350 

0*0259 

0*1893 

0*050 


In the above cases, therefore, increased solubility would he 
'ascribed to “adsorption,” accompanied or unaccompanied by 
^absorption. 

The solubility curves so far discussed are comparatively simple 
in form, and the influence of the colloid or suspension may plausM 
be explained on the basis of partial chemical combination or of 
; “ adsorption,” accompanied or unaccompanied by absorption. Jj| 
these cases the solubility of the gases is increased at all pressures. 

In most of the cases examined, however, where dealing with 
emulsoids, the solubility of the gas is diminished even when one 
takes into account the volume of water in the solution. This may 
be explained, formally, by the assumption of hydrate formation. 
But even if this be accepted, the remarkable behaviour observed 
at higher pressures remains to be accounted for. An examination 
of the solubility-pressure curves shows that, with the exception of 
the cases already discussed, there exists for a number of the 
colloids a very well-defined minimum of solubility, this minimum 
being more marked in concentrated than in dilute solutions. In 
all such cases the influence of the colloid must be a very complex 
one, 'and two effects at least must enter into play, one causing a 
diminution of solubility with pressure, the other an increase. In 
dilute solutions the former is sometimes absent or negligible. 

What are these two factors ? So far as the rising portion of the 
curves is concerned, we assume that the rise is due to “ adsorption/' 
whatever the true nature of this process may be. For this portion 
of the different curves we have also found that the ratio 
Ca/tfj = const., as is shown by the following table: 
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Table 26. 

Serum- Albumen and N%uuu,« w 
1'40 grama of albumen per 100 c.c. 


Pressure. 

Ci- 

e 2 . 


915 

0-0017 

0-1164 

0108 

1000 

0 0026 

0 1272 

o-ioo 

1050 

0-0031 

0-1336 

0103 

1150 

0-0047 

01463 

0-098 

1250 

0-0061 

01590 

0105 

1350 

0-0079 

01717 

0111 


0-537 is the value of the solubility used for calculating c 2 . 

A similar degree of constancy is obtained in the case of thejl 

other curves. . . . . S 

As regards tbe factor producing the lowering of the solubility, || 
we believe that the simplest assumption to make is that ofp 
solubility of the gas in the colloid phase. As has already been|| 
pointed out, we are dealing here with heterogeneous systems^ 
comparable with a mixture of two partly miscible liquids. So f«|g 
as we are aware, the solubility of a g’&s in such a system has not | 
yet been investigated ; hut we may very properly assume that the'| 
gas dissolves (unequally) in the two phases, namely, in the case8|| 
under discussion, in the aqueous phase and the colloid phase. Wei 
must also further assume that the solubility in the colloid phase| 
no longer follows Henry's law, but that the solubility increases'! 
less rapidly than the pressure. Under such conditions the solubility^ 
curve would no longer be a straight line, but would fall with! 
increase of pressure. Such a deviation from Henry's law signifies:! 
that the molecular weight of the gas in the gaseous phase and ini 
the colloid phase is no longer the same; and we must therefore:! 
assume that the gases have a higher molecular weight in the colloid | 
phase than in the water phase. That is, we must assume poly~% 
merisation of the gas in the colloid phase. By these assumptions^ 
we are enabled to explain, formally at least, the behaviour d 
observed, and it must be left to future investigation to show| 
whether the explanation is only formal or may be regarded afiff 
essential. It is clear, however, from the foregoing investigation | 
that colloids in solution will not necessarily increase the solubility^ 
of a gas. The action is a specific one, and depends both on thej| 
colloid and on the gas. 

Chemical Department. 

University of Birmingham. 
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LVIII . — 'Absorption Spectra and Melting-point Carves of 
Aromatic Diazoamines. 

By Clarence Smith and Constance Hamilton Watts. 

The discovery by Griess that the same diazoamine is formed by 
diazotising either of two primary aromatic amines and coupling the 
product with the other, led twenty or thirty years ago to numerous 
investigations which had for their object the determination of the 
constitution of such mixed diazoamines and the isolation of the 
two possible isomeric forms, ArN 2 *NHAr r and ArbTEDNqArb The 
latter purpose has never been satisfactorily realised, whilst the 
former has resulted in a mass of such conflicting evidence that even 
at the present time the constitution of the aromatic diazoamines 
remains an open question. 

In order to show that the conclusions at which we have arrived 
are supported by the bulk of this earlier evidence, it is necessary 
to recapitulate the main points made by previous investigators, the 
more so as an impartial survey of all the facts appears to have 
been omitted hitherto. 

An examination of the substances obtained by decomposing with 
water the product of the action of carbonyl chloride on a benzene 
solution of a diazoamine led Sarauw to the conclusion that the 
imino-group is attached to the more negative aromatic nucleus, and 
that the initial product (not isolated) of the reaction is a diazo- 
carbamide, Ar^’NAr^CO’NAr^NgAr, in which Ar is the less 
negative benzenoid group. A perusal of the author’s two papers 
1881, 14, 2442; 1882, 15, 42) proves, however, that his 
evidence is inconclusive, for whilst phenol and dibromocarbanilide 
are the products arising from the decomposition by water of the 
diazocarbarnide obtained from benzenediazoamino-p-bromobenzene, 
the action of water on the diazocarbamide from benzenediazoamino- 
. p-toluene yields both phenol and p-cresol and a viscous product 
from which only di-p-tolylcarbamide can be isolated. The viscous 
product may and probably does contain diphenylcarbamide, seeing 
that both phenol and p-cresol are formed. If such is the case, the 
.. diazoamine reacts with carbonyl chloride in accordance with both 
formulae, C 6 H 5 -N 2 ‘NH-C 7 H 7 and C 6 H 5 *NH-N 2 -C 7 H 7 . Similar 
; reasoning holds in the case of benzenediazo-m-aminobenzoic acid, 
phenol and m-hydroxybenzoic acid being the only substances 
isolated from the decomposition products of its diazocarbarnide. 

The preceding constitution of a mixed diazoamine has been far 
more satisfactorily established by Goldschmidt and Molinari {Ber., 
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1888 , hating "^jjAolequlAr ‘<&antities -of the diazo- 

junine anaVph>nylcarbimide in an indifferent solvent, such as, 
benzene. ‘ The product is a diazocarbamide, which can be isolated 
and appears to be an individual substance; it i 3 decomposed by 
water, yielding a phenol, nitrogen, and a diarylcarbamide, of which' 
one aromatic group is always phenyl, and the other the more 
negative group of the original diazoamine: £ 

ArNgH-Ar +C,H 6 *NCO -> C fl H 5 -NH-CO*NAr'-N 2 Ar 

C 6 H 5 • N H * 00 'N H Ar' + N 2 + Ar-OE^ 

In the preceding year, however, the results of two investigations? 
were published which partly supported and partly opposed! 
Goldschmidt’s conclusions. Heumann and Oeconomides (. Ber 1887;J 
20, 372, 904) found that diazoaminobenzene, when heated ini; 
phenol, reacted to form aniline and benzeneazophenol; similarly;! 
p-chlorohenzenediazoamino-p-toluene gave p-chloroaniline and| 
ytolueneazophenol. Benzenediazoamino-p-toluene, however, with^ 
phenol or resorcinol ^ave approximately equal quantities of anilinof 
and p-toluidine and a mixture of hydroxy azo-compounds. In these| 
reactions, therefore, some mixed diazoamines behave as if con-! 
stituted in accordance with Goldschmidt’s formula, others like| 
mixtures of equal quantities of ArN 2 *NHAr ; and ArNH'NgAr^l 
Still more striking is the evidence advanced by Noelting and Binder;^ 
{Ber., 1887, 20, 3004), who submitted benzenediazoamino-p-toluene| 
and other mixed diazoamines to the attack of numerous reagents,! 
and found that they behaved sometimes in accordance with thej 
formula ArN^MHAr'’, sometimes in accordance with the formula^ 
ArNH’NgAr', but generally as a mixture of both forms. 

As a result of these and other investigations, two views were! 
current regarding the constitution of mixed- aromatic diazoamines;’! 
and these have not been materially modified by more recent? 
researches. One view, which does not appear to have been urgently^ 
advanced by any single investigator, regards the mixed diazoamines| 
as consisting of the two possible isomerides, ArN 2 , NHAr / and| 
ArNH*N 2 Ar / . The other theory, initiated by Goldschmidt, regards! 
the diazoamines as being constituted so that the imino-group is| 
attached to the more negative aromatic group. Reactions in which? 
the diazoamine yields four products of decomposition are attributed! 
to a migration of the iminic hydrogen atom due to the presence of! 
water, alcohol, or an electrolyte, and are explained by an initials 
addition of water or the like ; thus : % 

Ar-NiN-NHAr’ + HX -> Ar-NH-NX-NHAr ; 
by the elimination of HX, Ar-NH-^Ar' and ArN 2 - NHAr' may 
result, and by subsequent decomposition yield each a pair of 
products. Goldschmidt claimed that the migration of the iminic 
VOL. XCVII P P 
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hydrogen atom does nbt occur md^rent Solvents, g U ch ^ 
benzene, petroleum, or chloroform, and consequently in such solvent® 
diazoamines behave as individual substances and not as mixtures 
and to this cause attributes the success of his phenylcarbimide 
method of determining the constitution of diazoamines. 

In arriving at this theory, Goldschmidt apparently has over- 
looked the exhaustive researches in 1886 — 1895 of Meldola and 
Streatfeild on alkylated diazoamines. Although alkylation as a 
method of determining constitution has been viewed in recent years 
with some suspicion, yet in some instances, for example, the 
Jphthaleins and the hydroxyazo-compounds, the problem of the 
constitution of a substance containing a mobile hydrogen atom 
has been approached and to a great extent solved by replacing the 
migratory hydrogen atom by an immobile alkyl group. If, there- 
fore, an alkylated diazoamine can be shown to have a similar 
constitution to that of its parent substance, Meldola and Streatfeild’s 
researches acquire a new and fundamental significance, and can he 
utilised directly to prove the untenability of the theory that in a 
Ifcnixed aromatic diazoamine the imino-group is attached to the more 
negative aromatic nucleus. We have been able to prove the point 
in question by means of the spectrograph. Meldola and Streatfeild • 
showed ' that three isomeric mp ; -dinitrodiazoethylaminobenzenes - 
exist, namely: 

I. w-Nitr obe n zen edi azoeth y 1 am in o-p-nitr obenzene, 

^>N 2 - NEt \ 

NO, 

prepared from diazotised w-nitroaniline and p-nitroethylaniline. 

II. p-Nitrobenzenediazoethylamino-m-nitrobenzene, 

/ ^>NEt-N„<^ ^>N0 2 , 

n ° 2 

from diazotised ^-nitroaniline and m-nitroethylaniline. 

III. wp'-Dinitrodiazoethylaminobenzene, 

<">,< J>o 2 , 

no 2 

obtained by the direct ethylation of wy/-dinitrodiazoaminobenzene. 

Isomeride III gives an absorption curve different from those of 
I and II, and absolutely identical with that of its parent diazo- 
amine, which is thus proved to have a constitution similar to that 
of isomeride III. The constitution of this isomeride has been prac- 
tically proved by Meldola and Streatfeild, who find that it can ho 
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synthesised by heating 4qui2^fcular qnantig^ of isomerides I and 
II in alcohol or benzene. Meldola and Streatfeild regard III as a 
compound of I and II. For reasons given below we believe it to 
be an equimolecular mixture of I and II, but for the present purpose 
this difference of opinion is immaterial, the main point being that 
HI is composed of equal quantities of I and II, either mixed or 
combined. Now, in the diazoamine under discussion, the y-nitro- 
benzene nucleus is probably the more negative, but whether this 
is really so does not affect the argument. Assuming that it is, 
the diazoamine will be represented by tbe Goldschmidt theory by 
the formula: 

0 > n : n ' nh 0 n ° 2 ’ 

I N x 

no 2 

and the directly alkylated derivative, which must possess a similar 
constitution to that of its parent substance from tbe spectrometric 
evidence, will have the formula : 





Vo* 


that is, should be identical with isomeride I above. Since expert 
ment shows that the directly alkylated derivative is III above, that 
is, a mixture of equal quantities of I and II, it follows that the 
premise is incorrect, and that my r -dinitrodiazoaminobenzene con- 
sists of a mixture (or compound) of equal quantities of the two 
individually unknown isomerides : 


)>N0 2 and / ^NH-N./ )>N0 2 . 

no 2 tio, 

Of course, the acceptance of this theory at once renders intelligible 
the numerous reactions in which a mixed diazoamine yields four | 
products of decomposition. It only remains to explain why the 
diazoamine at times yields only two products, decomposing as 
though it consisted entirely of one of the two unknown isomerides. 
At present it is impossible to advance any argument satisfactorily 
supported by experimental evidence. The most obvious explanation 
is the selective attack of the reagent. If one of the two isomerides 
is attacked at a much greater rate than the other, a transformation 
°f the less susceptible into the more susceptible isomeride must 
occur in order to preserve the equilibrium ratio at unity, and the 
diazoamine will decompose almost entirely as though it consisted 
of one isomeride only. The most important case to which this 
explanation can he applied is the phenylcarbimide reaction, since 

P P 2 
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this forma the main fotiudai^^ theory 0 f the 

constitution of diazoamines. Goldschmidt attributes the formation 
of an individual* diazocarb amide from phenylcarbimide and a mixed 
diazoamine in benzene solution to the immobility of the imjm c 
hydrogen atom in an indifferent solvent. Dimroth, however, gives 
instances {Annalen, 1904, 335, 1) in which the transformation 0 f 
one tautomeride into another by the migration of a mobile hydrogen 
atom proceeds much more rapidly in an indifferent solvent than in 
a hydroxy lie solvent. Goldschmidt admits that this is correct in 
principle, but is not applicable to the particular case of the diazo- 
amines, because one of the isomeric forms is unknown (Ber., 1905, 
38 , 1097). Our experiments prove, however, that both forms exist 
as an inseparable mixture in the mixed diazoamine. The unitary 
course of the phenylcarbimide reaction, therefore, may very well 
be due to the selective attack of the reagent, the transformation 
one isomeride in the mixed diazoamine into the more susceptible 
jform being facilitated by the indifferent solvent to such a degree 

t at one diazocarbamide is produced only in inappreciable 
antities. 

t it would be premature to dogmatise from the result of the 
examination of a single triplet of ethers originating from a diazo- 
amine containing aryl groups of not very different character, and 
we do not unhesitatingly commit ourselves at present to the views 
advanced above, and the less so in consequence of Pechmann’s work 
on amidines of the type ArN!CPlrNH*AE (Ber., 1895, 28, 869), 
which differ from mixed diazoamines by containing the group CPh 
in place of a nitrogen atom. The compound CflH^’N.CPh’NH'CjHj, 
obtained from benzanilide iminochloride and p-toluidine, is identical 
with C 7 E 7 *N:CPh*NH*C 6 H 5 , prepared from benzoyl-p-toluidide 
iminochloride and aniline, but yields by ethylation a mixture of two 
ethyl derivatives corresponding with the two formulae given. When 
Ar and Ar' are different in character, however, the amidines pro- 
duced by the two methods are still identical, but yield only one 
ether, indicating an immobility of the hydrogen atom in the 
amidine. A similar constitution may obtain for mixed diazoamines 
containing aryl groups of very different character, the imino-group 
remaining attached to the negative nucleus as in the Goldschmidt 
theory. This view of the constitution of such diazoamines, which, 
of course, harmonises well with the chemical behaviour cited above, 
can be tested spectrometrically, and is receiving our attention. 

The derivative obtained by the direct alkylation of a mixed 
diazoamine has been shown by Meldola and Streatfeild to be 
composed of equal quantities of the two isomerides, ArN^NR’Ai 
*ifod ArNR"N 2 *Ar / , by boiling an alcoholic or benzene solution of 
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■ ddttct is obtained, 
'dentical with the directly alkylated diazoaminet The authors 
regard this product as a compound of the two isomerides, although 
^ey found that the molecular weight in benzene by the cryoscopic 
•method agreed with a unimolecular and not a bimolecular formula, 
a discrepancy which they attribute to dissociation of the compound 
dn the benzene solution. This explanation is untenable, since the 
compo und is produced in boiling benzene, and it is very improbable 
that it would dissociate in the cold solvent. Mr. T. J. Mander^ 
nfo whom we proffer our thanks, has determined the molecular, 
weights of several alkylated mixed diazoamines in boiling alcoholj 
and benzene, and has obtained values which are always less than* 
those corresponding with the unimolecular formula. The com- 
pound, therefore, does not exist in the solution, and must be^ 
produced, if formed at all, at the instant of the deposition of th^ 
solid from the solution. To ascertain whether or not a compound] 
is formed, we have determined the melting-point curve of mixtures 
of p-nitrobenzenediazoethylamino-ra-nitrobenzene and ra-nitro| 

| benzenediazoethylamino-y-nitrobenzene. The curve is of the simple! 

■ U-shape characteristic of mixtures, and has its minimum at a point 
corresponding with the mixture of equal quantities of the two 
isomerides and a temperature identical with the melting point o dj 
the substance obtained by the direct ethylation of mrf- dinitrodiazo| 
aminobenzene. This evidence, combined with that furnished 

the cryoscopic and the ebullioscopic methods of determining the* 
molecular weight, proves that the directly ethylated substance is a 
solid solution of equal quantities of the two isomerides mentioned 


mp'-Dinitrodi'Cizoaminobcnzene . — This compound was prepared in 
the usual way from ra-nitroaniline and p-nitrohenzenediazoniupai 
chloride in the presence of sodium acetate. The crude substance 
melted at 214°; after crystallisation from a mixture of equal 
volumes of alcohol and toluene, the melting point was 218 — 219°i 
Since Meldola and Streatfeild give the melting point, as 212 — 212'5° 
(Trans., 1889, 55 , 416), the substance was again dissolved fn boiling 
alcohol and toluene, filtered while still hot (precipitate A), again 
when cold (precipitate B), and yet again after concentrating the 
mother liquor (precipitate C). The melting points of A, B, C 
respectively were 220°, 212'5 — 213°, 219 — 220°. After re 
crystallisation from the same solvent, the melting points were 
231— 232°, 231 — 232°, 230 — 231°, in a bath previously heated Jc 
180°. After a third recrystallisation, the melting points were 
231—232°, 231 — 232°, 228°. In all cases the substance decomposes 
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at the melting point. The three samples all gave the same orange 
red colour in alcoholic sodium hydroxide, and dissolved without 
change Qf colour in concentrated sulphuric acid, forming solutions 
which ultimately became colourless. The melting point 0 f 
pp'-dinitrodiazoaminobenzene is given by Hantzsch as 2330 
(decomp.), a value which we have confirmed. The melting point of 
a mixture of approximately equal quantities of this compound and 
our mp'-isomeride melted at 208 — 211° (decomp.). 

m^-Binitrodiazoethylaminobenzene was prepared by heating the 
diazoamine with alcoholic potassium hydroxide and ethyl iodide on 
the water-bath for eight hours, and twice recrystallising the product 
from alcohol. It melted at 152 — 153^, dissolved in alcoholic sodium 
hydroxide without change of colour, and gave a solution in con- 
centrated sulphuric acid, which became colourless after a few hours. 

m-Nitrobenzenediazoethylamino-'p-'nitrobenzenc and . p -nitro- 
benzenediazoethylamino-m^nitrobenzcne were prepared from diazo- 
tised m-nitroaniline and p-nitroethylaniline and diazotised p-nitro- 
aniline and ra-nitroethylaniline respectively, and were recrystallised 
from alcohol and toluene until the melting points were constant 
at 174*5 — 174*8° and 188*5 — 188*7° respectively; the substances 
dissolved in alcoholic sodium hydroxide without change of colour, 
and gave solutions in concentrated sulphuric acid, which ultimately 
became colourless. 

The absorption curves of mp'-dinitrodiazoaininobenzene and of 
the three ethylated isomerides are shown in Fig. 1. The curves of 
the parent diazoamine and of its directly ethylated derivative are 
identical throughout. The curves of the other two isomerides, 
although naturally very similar to, are quite distinct from, that of 
the directly ethylated isomeride. A comparison of the three curves, 
particularly in the neighbourhood of oscillation frequencies 3200 to 
3600, indicates that the curve of the directly ethylated diazoamine 
is very much what would be expected if the substance is a mixture 
of the other two isomerides. The most important result, however, 
is the proof of the similarity of the constitutions of mp'-dinitro- 
diazoaminobenzene and its directly ethylated derivative. 

To obtain the melting-point curve of m-nitrobenzenediazoethyl- 
r amino-p-nitrobenzene and p-nitrobenzenediazoethylamin 0 - 7 / 2 -nitro- 
benzene shown in Fig. 2, it is necessary that the heating of the 
' different mixtures shall be as uniform and under as nearly the 
^same conditions as possible, for it is well known that the apparent 
melting point of a diazoamine can be raised many degrees by rapid 
heating. Intimate mixtures of the two isomerides were obtaine 
making two solutions in benzene distilled over sodium: 
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A. Containing 0*1575 gram of m-nitrobenzenediazoethylatnino- 
y-nitrobenzene in 250 c.c. 

B. Containing 0*1575 gram of p-nitrobenzenediazoethylamino- 
j^-nifcrobenzene in 250 c.c. 

Mixtures of different volumes of these two solutions were 
evaporated on the water-bath, the residue was detached from the 
tasin, finely powdered, and transferred as completely as possible to 
capillary tubes about 2 mm. in diameter and about 15 cm. long. 


Fro. 1. 


Oscillation frequencies. 





mtf-Dinitrodutzoaminobenzene and its ethyl derivative. 

m-Nitrobenzenediatoethylamino-'p~nitrobenzene. 

— f-Nitrobenzaicdiazoethylaimno~m.~nitrobenzene. 


These tubes were attached to a thermometer 70 cm. in length, having 
a range from 100° to 200°, graduated in tenths of a degree. Thpr 
bulb of the thermometer was immersed in sulphuric acid contained 
in the outer jacket of a Victor Meyer vapour density apparatus. 
The temperature of the acid was raised to 100°, then the capillary 
tube was affixed to the thermometer, and the temperature was raised 
fairly rapidly to within 10° of the melting point of the preceding 
mixture; the rate of heating was then adjusted so that the tem- 
perature rose 1° per minute. 
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Th’e following table gi^es in Fig o 
;is plotted: ■••.,' •/:> ^ '^v- /"- ; ; 


!• of A. 

C.c. of B. 

Corrected 
melting point 

C.c. of A. 

C.c. of 2?. 

Corrected 
melting point 

20 ’ 

0 

178*5 — 178-8° 

9 

11 

157-2° 

19 

1 

176-6 

8 

12 

160-2— 161-6 

18 

2 

1691—169-8 

. 7 

13 

164-5-165-5 

17 

3 

166-9—167-2 

6 

14 

* 166*8 — 167-4 

16 

4 

164-5-165-4 

5 

15 

169-1—169-8 

15 

5 

159-6-160-4 

1 4 

16 

176 1 — 176-9 

14 

6 

157-3-157-5 

3 

17 

177*6 — 177-9 

13 

7 

156-1— 156-5 

2 ' 

18 

185-9—1861 

12 

8 

156-4—156-9 

1 

19 

186-9—187-2 

If -v 

9 

156-3—156-9 

0 

20 

193*2 — 193*4 

10 

10 

155-4—156-2 




Pig. 2. 



B = ^-NitrobtnzaiediazoeihylariiiTW-'m.'nittobmzem. 


It will be noticed that mixtures containing from 65 to 50 per 
cent. A melt at only slightly different temperatures, but there 
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.* no fc that' tBe^eqx^jlecuIar 50 per cent, 

mixture has the lowest melting point, which is the same as that of ■ 
substance obtained by the ethylation of mp^-dinitrodiazoamino- 

beDzene. 

In order to see whether a compound of the two iBomerides is 
formed under the conditions mentioned by Meldola and Streatfeild, 
mixtures of A and B were heated under a reflux condenser for 
ooe hour on the water-hath ; the benzene was then evaporated, and 
the melting points of the residues determined as above. The 
. results tabulated below show that the melting points are practicallv l 
unchanged by this treatment: -Mp} 

Corrected Corrected V.s 

C.&otA. C.c.ofB. melting point. C.c. of A. C.c. of 2?. melting pointy 
i 20 0 178 ' 2 — 178 - 3 ° 8 12 160 * 4 — 160 * 9 ® 3 

15 5 159 3 — 159*7 5 15 168 - 8 — 169-8 

12 8 156 * 3 — 156*8 0 20 192 ‘ 0 — 192*6 | 

10 10 155 - 1—1557 '] 

In conclusion, we wish to express our thanks to the Research 
Fund Committee of the Chemical Society for a grant by which the 1 
expense of this investigation has been largely defrayed. 

East London College. 


LIX.*— The Relation between Absorption Spectra ancfe 
Chemical Constitution. Part XIV. The Aromdtim 
Nitro-compounds and the Quinonoid Theory . 


By Edward Charles Cyril Balt, William Bradshaw Tuck, andl 
Effie Gwendoline Marsden. . 

It has been shown (Trans., 1905, 87, 1332) that the introduction 
of the intro-group into the benzene nucleus produces a very mark«|| 
eSect on the absorption spectrum, for, whereas the parent hyd*i|| 
carbon' shows a number of closely situated absorption bands, nitro|| 
benzene is characterised by a very strongly marked genera^ 
absorption with only a very shallow band.* The view was puti 
forward that this change is due to the fact that the sti^ng 
residual affinity of the nitro-group restrains the vibrations of the-- 
benzene ring. If, now, a second group be introduced, and this 


group be of the so-called positive type, that is to say, one withj 
directing influence to the ortho- and p appositions, the tendency 
of the nitro-group to restrain the benzene ring vibrations is more 
or less eliminated. 


The presence of this shallow band has only recently been detected with a large 
spectrograph in the case of an alcoholic solution. Nitrobenzene in petroleum solu- 
tion does not show the band. 
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We have now examined a of aromatic- compounds derive 

from nitrobenzene, and we find that these substances all show 
more or less pronounced absorption bands, the depth and position 

Fig. 1. 


Oscillation frequencies. 

26 28 3000 32 34 36 38 4000 42 



Upper curves 

Middle „ -^^^{SdT^oToO 

Lower „ Co. 


of which depend on the character of the substituent group or 
groups. 

The simplest eases are those of the three nitrotoluenes, where 
the second group is the not very strongly marked electropositive 
methyl. The absorption curves of the ortho-, meta-, and para- 
isomerides are shown in Fig. I (full curves^), they all three 
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s how well-marked absorption bands. The differences between the 
absorption as shown by the full and dotted curves will he discussed 
kelow under the section dealing with the effect of the solvent. The 

Tig. 2. 

Upper Curves. 

Full curve a-Nitronaphihalcnc in alcohol. 

Dotted curve ,, , t light petroleum. 

Dot and dash curve ,, ,, benzene. 


Oscillation frequencies. 

26 28 3000 32 34 36 38 4000 42 



Full curve fi-Nitronaphthalene in alcohol. 

Dotted curve „ „ light petroleum. 


two monomtronaphthaleu.es also show well-marked absorption bands, 
as can be seen on reference to the full curves in Fig. 2. The 
^compound shows one band, whilst the /3-isomeride has three. We 
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have also examined the^aSsS^tion^of tiS’iw?’ r3onomtro-o-xyle n6g 
the curves being shown in Fig. 3. Here again well-marked band 
are exhibited. It is noticeable in a comparison of 4*mfcro-o-xylene 
with the nitrotoluenes that the former compound possesses a much 
* deeper band than the latter. Clearly, therefore, the two methyl 
groups in the former substance exert a greater counteracting 
influence against the restraint of the nitro-group than the single 
methyl group in the nitrotoluenes. At the same time, the relative 
^position of the nitro-group and the methyl groups has a considerable 

Fig. 3. 
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2500 4 

S 

o 

o 

1000 ® 
500 V 


250 

100 

50 

25 


8 

1 


e 

s 


Full curve 
Dotted curve 
Dot and dash curve 
2 Dots and dash curve 


4-Nitro-o-xylene in alcohol. 

„ „ light petroleum. 

Z-Nitrcro-zylcne ,, alcohol. 
NitromeoUylene ,, ,, 


bearing on their mutual influence. Thus, in the nitrotoluenes the 
‘ortho-isonxeride shows an absorption which is the shallowest and 
(farthest from the red, whilst the band of the para-isomeride is the 
deepest and nearest the red. The small band given by 3-nitro- 
o-xylene is therefore attributable to the fact that the two methyl 
groups and the nitro-group are adjacent to one another. This is 
still more strikingly exemplified in the case of nitromesitylene, 
which shows no band at all. This follows readily from the fact 
that the three methyl groups are all in the metarpositions with 
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.-respect to shown, mesitylene 

exhibits very^jsmall Absorption owing to this fact, and therefore 
l fo e three m^yl groups will not be able to overcome the restraint 
of the nitro-group, because they of themselves also tend to restrain 
foe vibrations of the ring. 

In the case of the two nitron aphthalenes the restraining influence 
^of the nitro-group on the one ring is eliminated by the second ring, 
{with the result that very well-marked absorption bands are produced 
'which are nearer the red than those of naphthalene itself, Iu both 
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3 : 5-Dinitro-o-xylene. 

3 : i’Dinitro-o-xylcnc. 

4 : 5 -Diniiro- o-xylen e. 


these compounds, especially in the a-isomeride, the absorption hands 
are sufficiently near to the red for the substances to be visibly; 
coloured. $ 

If two nitro-groups are substituted in one benzene ring, then of 
course the influence of the positive groups must be greater in 
order to produce a counteracting effect equal to that in a mono- 
nitro-compound. This is well shown in the case of the two 
dmitro-o-xylenes (Fig. 4), of which the 3 : 4-dinitro-isomeride shows 
* ver y fallow band, whilst in the 4: 5-dinitro-isomeride the 
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absorption band has just disappeared. Still more pronounced * 
this tho case in trinitro-compounds, for both the 3 ; 4: 5- and the 
3:4: 6-trinitro-o-xylenes (Fig. 5) sljow only general absorption 
without even the attempt to show the band evidenced by the 
4: 5-dinitro-compound. 

The definite conclusion can therefore be drawn that if th e 
restraining influence of the nitro-group in nitrobenzene is counter 
acted by the introduction of one or more so-called positive groups 


Fig. 5. 

Oscillation f requencies. 



Dotted curve 3 : 4‘: $-Trinitro~o-xyUne. 

Dot and dash curve Acetanilide. 

2 Dots and dash curve Metkylacetanilidc. 

isori;opesis is set up, and one or more absorption bands are produced. 
Further, the position and persistence of this absorption are deter- 
mined by the amount that the restraining influence of the nitro- 
group is eliminated as a result of the introduction of the positive 
groups, and also by the position of the absorption band of the 
non-nitrate d compound. 

As a further test, the spectra of mono- and di-nitrofluorene were 
examined. The first of these (I) is practically colourless, having 
only a slight cream colour, while the dinitro-compound (II) i* 
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strongly yello^. These twd? compounds afford a rigid test of the 
above conclusion, for the mononitro-compound should show a 

/ CI X ' / c % 

A_-/\ X X 
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F ull curve NitrojluoTtnc. 

Dotted curve DinitrojluorcTie. 


strong absorption band, whilst the dinitro-compound should show 
very little or no evidence of a band, since both phenyl groups have 
their motions restrained by a nitro-group. The curves are shown in 
Fig- 6, and, as can be seen, the results are exactly as was predicted. 

We have also examined the absorption spectra of nitrobenzene 
substituted by other groups than methyl, as, for example, the 
mtrocinnamic ethyl esters. Their absorption curves are shown in 
Ig ' 7, and here there is a deep absorption band at 1^\ = 3350 in 
6 P a rarisoineride. The meta-compound shows a band at 
M=3850, and a step-out at 1/A = 3200, whilst the ortho-isomeride 
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absorption band of benzene Substituted by a strong positive group, 
such as OMe or ’ofet, is generally more persistent and nearer the 
red than that of the xylenes, or toluene. This is very strikingly 
observed in the case of nitroquinol dimethyl ether, the absorption 
V which in alcoholic solution is shown in Fig. 8. The head of 
A absorption band is now at 1 /A- 2800, which is distinctly 
JBfer the red than the compounds previously described. The 
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Dotted curve 
Dot aud dash curve ,, 

2-Dots aud dash curve „ 

Oscillation frequencies. 


Fig. 8. 
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Nitroquinol dimethyl ether in alcohol . 
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Nitroquinol dimethyl ether in water. 

„ „ aniline. 

,, ,, pyridine. 


compound, as is well known, has a strong yellow colour, and its 
solution in alcohol is also yellow. It is evident that the absorption 
of this compound, and therefore its colour, is capable of the same 
explanation as that put forward for the compounds previously 
described, that is to say, it is due to the isorropesis between the 
residual affinity of the nitro-group and that of the quinol dimethyl 
other residue. The absorption spectrum of the quinol dimethyl 
ether has already been described (Trans., 1905, 87, 1353), and. 
shows a very deep absorption band with its head at about 1/A = 3445. 

VOL. XCVII. Q Q 
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gplanation of 


The question „ 

the absorption and colour of .wft; A SUl^W^Jte^! ; ^.iWo-conipoijn ( i 8 
should not be perfectly general and include all the substances 0 f 
this type, such as the nitroanilines and the nitrophenols. In the 
last two classes of compounds the colour and absorption has been 
attributed to their existing in the quinonoid configuration. Indeed, 
one of us, in conjunction with Dr. Stewart and Dr. Edwards 
(Trans., 1906, 89, 514), put this forward as the interpretation of 
the results obtained from the spectroscopic observation of the 
Nitrophenols and the nitroanilines. In the case of the former it 
was judged t-hat tjie sodium salts have the quinonoid formula owing 
|p ; their absorption bands being so much nearer to the red than 
those of the free substances. On the other hand, from the results 
scribed in this paper, it would seem more probable that another 
tplanation of their absorption spectra is preferable, an explanation 
lar to that given above for the nitro-compounds, which clearly 
mot exist in a simple quinonoid form. On these lines, fbjjj 
Absorption bands of the nitroanilines, for example, would be 
the isorropesis between the nitro-group and the aniline residue.- 
These bands would necessarily be very near the red owing to the 
tfact that the absorption band of aniline is high up the spectrum 
(l/\=3500). As regards the nitrophenols and their sodium salts 
$here should be a considerable difference in their absorption on 
^account of the great difference between the absorption of phenol 
mnd of sodium pbenoxide. The absorption spectrum of phenol 
I^Trans., 1905, 87, 1351) shows a band with its head at l/\=3680, 
psrhilst sodium phenoxide shows a band with head at 1 / A. = 3420. In 
Initrophenols, therefore, the isorropesis is between the free period of 
Ijtdie nitro-group and a residue with bands at 1 / A = 3680, whilst in 
Idle sodium nitrophenoxides the isorropesis is between the nitro-group 
fpid a residue "with a band at l/\ = 3420. Clearly, therefore, the 
l&bsorption of the latter compound should be much nearer the red. 
| We thought it worth while, therefore, to undertake anew the 
^investigation of these compounds with the help of the new and 
|much better spectrograph than was available at the time of the 
f preyious investigation. We will deal first with the nitroanilines 
and their alkyl derivatives. In Fig. 9 are shown the curves of 
3-nitro-p-toluidine, its mono- and di-methyl, and also the acetyl 
land acetylmethyl derivatives. The free base shows a deep 
^absorption band with its head at about 1 / A = 2400, the mono- 
methyl derivative a band with head at 1/X = 2350, whilst the head 
of the dimethyl compound lies at l/\ = 2270. While it may he 
urged that the absorption of the free base and the monomethyl 
^derivative is due to their existing in the quinonoid form, it 
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The reductAO^^a,. tRe- absorption arising from the decrease in 
residual afiimfcy of the .amino-group caused by the introduction 
0 f the acetyl group and the acetyl and methyl groups is ’well shown 
in the two remaining curves. This is exactly analogous to the 
grease in the absorption of aniline caused by the introduction of 
the acetyl group and the acetyl and methyl groups, as shown by 
fia starves in Fig. 5. * 

The absorption of m- and p-nitroanilines compared with that of 
their dimethyl derivatives is shown in Fig. 10. Exactly the same 
applies here as in the case of the o-nitroamino-compound just 
described. There is no difference of any moment between the free 
compounds and the dimethyl derivatives. The conclusion, there- 
fore, is forced upon us that the same explanation of the colour 
and ‘absorption must be given in each. A simple quinonoid^ 
structure is ruled out in the case of the dimethyl compounds, and 
hence we are compelled to abandon it in the case of the parent 
substances. 

As regards the nitrophenols, the same explanation without doubt 
is applicable to the para-isomeride as to the compounds already 
described, for whilst p-nitrophenol and p-nitroanisole have the 
same absorption (the bands of anisole and phenol are in the same 
spectral region), the band of sodium p-nitrophenoxide is shifted 
considerably towards the red. This shift, however, is due to the 
shift in the absorption band towards the red when sodium 
hydroxide is added to a phenol solution. In the case of the 
o-nitrophenols, however, the matter is complicated by the fact that 
in the original paper the spectrum of o-nitroanisole differed from 
that of o-nitrophenol. 

In order to elucidate this anomaly, we have examined the 
spectra of o-nitrophenol, o-nitroanisole, and o-nitrophenetole in 
various solvents, and find that the difference is mainly due to the 
effect of the solvent. As previously referred to, the influence of 
the solvent is very remarkable in the case of the nitro-compounds, 
and this influence will be discussed more fully below. In the 
original paper, o-nitrophenol was shown to have two bands ; these are 
shown in the full curve in Fig. 11, which represents the absorption 
of an alcoholic solution of this compound. The solution in light 
petroleum, however, only shows one band — the one nearer the red, 
whilst the second band has shrunk to a step-out. o-Nitroanisole 
ln bght petroleum solution also shows one absorption hand like 
the parent substance in the same solvent, but a little nearer the 
shorter wave-lengths. In alcoholic solution o-nitroanisole only 
shows evidences of the one hand nearer the red. This band is 
shallow, and was only detected with the new instrument. o-Nitro- 
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phcnetole shows the sijSSfis 'shafflPP^R^^' : '^3|^®ep-out where 
the second band should appear, ■ • 

The solution of o hitrophenol in w^lPis ditf^reiiiKf for the band 
nearer the red has shntnk to a step-out, whilst the other band is 


Pig. 11. 
Upper corves. 

Pull curve 
Dotted curve 
Dot and dash cum 
2-Dots and dash curve 


o-Nitropheml in alcohol. 

» „ wakr. 

u a light petroleujn. 

„ ,, alcoholic NaOEt. 


Oscillation frequencies. 



250 

100 

50 


25 


250 

100 

50 

25 


fc 


% 


Lower curves. 


Full curve 
Dotted curve 
Dot and dash curve 
2-Dots and dash curve 
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Well marked. Now, o-nitrophenol in aqueous solution of the 
strength dealt with (N / 1000) is presumably considerably ionised, 
and, further, this ionisation must be less in alcoholic solution and 
negligible in light petroleum solution. It would seem from this and 
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from a the ethers that the ionisation 

0 f the ^hearer tte 7 red to shrink, while 

is $|^niarked, while the 
band fartKeT'fronrthe red is decreased. 
i The absorption of sodium o-nitrophenoxide is given in Fig. 11, 
a nd shows the first band well marked and the second band very 
shallow. The change in the absorption when the parent substance 
fa converted into its sodium salt is simply a shift of both absorption 
bands nearer to the red. As was pointed out above, a shift ofj 
this character is bound to take place, because the absorption band, 
of phenol also undergoes a similar shift when sodium hydroxide! 
is added to the solution. The explanation of the absorption of the 
aitrotoluenea and other compounds advanced above meets this i 
equally well, and there seems absolutely no reason to assume J 
radical change in structure such as quinonoid formation in ord 
to explain this shift in the absorption without any change 

type* 

Jfow, owing to the presence of a considerable excess of sodiu 
efchoxide in the solution, it is very improbable that the sodiunf 
o-nitrophenoxide is ionised to any considerable extent. This is 
agreement with the observations, because the ionised or partly^ 
ionised nitrophenol in water shows a tendency on the part of th&j 
longer wave-length absorption band to shrink, whilst the second:! 
band is well marked, the reverse effect being produced when ttfffij 
nitrophenol is dissolved in light petroleum. The sodium salt (ij| 
presence of excess of sodium ethoxide in alcoholic solution) 
i to the latter case, for the shorter wave-length hand 
d, while the other is relatively very deep. 

In order not to base our conclusions on one single o-nitrophenq 
we have examined also m-nitro-jT-cresol and its ethyl ether (Fig. lQ|j 
and the results are identical with those of o-nitrophenol. 
m-nitro-p-cresetole shows a hand at 1/ \ = 3050 and a step-out aj| 
about l/\ = 3850; the parent substance in alcohol shows the firi 
band at 1 /A=s 2800, and the second band at 1 / \ = 3650, whilst jj|j 
the presence of sodium ethoxide the two bands are shifted 
1/ A =2200 and 1 / A. ~ 3500 respectively. In aqueous solution 
absorption is quite analogous to the case of o-nitrophenol, for tli 
shorter wave-length band is increased in persistence, whilst the other! 
one is decreased to a step-out. . 

' ^ e have also repeated the original examination of m-nitrophenoF 
and compared it with m-nitrophenetole. As the curves on Fig. 12 
show, the relation between the free compound, its sodium salt, and 
its ethyl ether is the same as in the case of the ortho-isomeride, 
and the same explanation holds good. The para-compounds have 
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also been examined, and their ” absorption cgryes are shown in 
Fig. 13. Exactly the same shifts .the absorption bands may 

Fig. 12. 

Upper carves. 

Full curve m -NUropkenol in alcohol. 

. Dotted curve „ „ water. 

Dot and dash curve „ ,, light petroleum. 

2 Dots and dash curve ,, »» alcoholic NaOEt 

Oscillation frequencies. 
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Full curve m-Nitrophcnetole in alcohol. 

Dotted curve ,, , , light petroleum. 

here, the only difference being that one deep band is 
exhibited in the place of the two in the o- and wwsomerides. 

An interesting point may be mentioned here in reference to tie 
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am ino- groups. Itappears from the absorption of 

auitino and sodium phenoxide that the residual affinity of these 

Fio. 13. 

Upper curves 

Full curve y-Nilrophenol in alcohol. 

Dotted curve „ |} water. 

Dot and dash curve lt „ light petroleum. 

2 Dots and dash curve „ „ alcoholic NaOEt 

Oscillation frequencies . 


24 26 28 3000 32 34 36 38 4000 



Lower curves. 


Full curve p -Nitrophenctolc in alcohol. 

Dotted curve „ „ light. petroleum., 

two groups is very nearly the same, for the heads of the hands of 
the two compounds are in the same position. The analogy between 
these two groups has often been noticed b'y us in comparing the 
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tie other 

Patti the 


spectra of compounds contain 
group. The resemblai 
corresponding sodiuhi nitr^hend: 

Perhaps one of the most importanti 
quinonoid configuration for the nitroanilines and nitrophenols 
to be found in the fact that the absorption bands of all the 
compounds described in this paper appear at the same concentration 
Ipflsolution. This is the case whether the compound can or cannot 
in a quinonoid form. It * must he remembered that the 
l spectrum of p-benzoquinone shows its isorropesis band at 
^jjpncentration of A/IO-, whilst all the nitro-compounds show then 
:i>ands in Nj 1000-solution. Moreover, the shape of the absorption 
^burve of quinone and those of the nitro-compounds is quite different. 
/H^therefore seems in the highest degree improbable that the shift 
id^the absorption bands, which takes place without any change of 
'type when the nitrophenols are converted into their sodium salts, 
ipjdue to a radical change of structure, as is demanded by the 
quinonoid hypothesis. As collateral evidence it may be pointed out 
that the sodium salts of the nitrophenols are extremely similar in 
their absorption to the nitroanilines, and these again to their 
c$|pethyl derivatives. The latter cannot he written in a simple 
qjjfinonoid form, and therefore the conclusion follows that none are 
14 the quinonoid form. 

;'£:|| the theory put forward in this paper is correct, it is evident 
it must be applicable to all the compounds obtained by 
a positive group into benzaldehyde, benzoic acid, and 
acetophenone, for the *CHO, *C0 2 H, and *COMe groups are quite 
analogous to the nitro-group in ^hat they tend to restrain the 
idptions of the benzene ring. Many such compounds have been 
demined, and some have been previously published (amino aceto- 
phenones, aminobenzaldehydes), and the results of the investigation 
analogous to those given above for the nitro-compounds. 


Similarly, of course, the same explanation must be applicable to 
compounds derived from benzene by the substitution of a hydroxyl 
group and any other group which carries residual affinity. For 
example, in coumaric acid, where the group ♦CH!CH*C0 2 H is in 
the oftho-position with respect to the hydroxyl groups, absorption 
h^nds should appear, which should shift towards the red on the 
addition of an excess of sodium hydroxide. The curves obtained 
both with and without alkali are shown in Fig. 7, and, as can be 
seen, the free acid shows two absorption bands, which are shifted 
towards the red in strongly alkaline solution. In cinnamic acid, 
where the isorropesis takes place between the residual affinities of 
the phenyl group and the unsaturated side-chain, the absorption 
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band fL 

a re two. 



a oTiydroxycinnamic acid there 
— „ rfV , 3650, whilst in the 

tw(S : harids hav^&eir heads at 1 /a = 2750 


36(ff|^ih^8lldft of the bands in the latter is sufficiently large/ 
fox the substance to be strongly yellow. It igtrue that in the 
case of coumaric acid a quinonoid formula can be written, but 
there is considerable inherent improbability of this change taking' 
place, for it necessitates the postulation of there being a greater 1 
attraction between sodium and carbon than between Bodium antL 
oxygen- On the other hand, the shift in the absorption wb^4- 
phenol is converted into sodium phenoxide is sufficient to cauf&? 
the shift when the substituted compound is so treated. A striking! 
analogy betwen the amino- and ONa groups is to be found ih^e| 
fact that the coumaric acid in strongly alkaline solution fluorel 
with the same yellowish-green colour as o-aminocinnamic acid. 

There seems therefore to be very strong evidence again$| 
quinonoid explanation of the absorption and colour of the ni^ 
phenols and nitroanilines. It would seem, indeed, that this th« 
is quite unnecessary. The explanation advanced in this paper H 
explanation basod on the play of forces between the resid^I! 
affinities in the various intramolecular groups, has the 
advantage in that it embraces all the disubstituted benzene - 
pounds with two dissimilar substituents whether or no a qumoh$ 
configuration is possible. This explanation satisfies all the_ f^i 
that have been observed, which the quinonoid theory does n|l 
as, for example, the very small change in the absorption who) 
nitroaniline is methylated, and that the formula of a true qu 
(p-benzoquinone) is of an absolutely different type. 

We have also investigated the mononitro-derivativ^ 
benzylideneaniline. These compounds are interesting, forf||§ 
the nitro-group is substituted in the benzene residue a 
quindnoid structure is possible, but in the isomeric benzyli 
nitroanilines this is not the case. A comparison of the absorpj 
of these compounds shows that they are all strikingly similar, 
being, however, slightly more marked absorption bands inf 
benzylidenenitroanilines than in the nitrobenzylideneanilinesj'tjj 
is to say, those compounds which can exist in the quinonoid fdph- 
show rather less marked absorption than those which cannot do le? . * 
It appears to us that these substances afford very strong eyjdeiice 
against the quinonoid hypothesis. The absorption curves compared 
with that of benzylideneaniline itself are shown in Fig. 14. * 

During the progress of this investigation a very interesting piper 
has appeared by Buttle and Hewitt (Trans., 1909, 95, 1755), in 
which the constitution of the di- and tri-nitrophenols is discussed. 
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Buttle and Hewitt, basing results 

obtained in the original paper (Trans., 1906, 89, 514), attribute 
a para-quinonoid structure rather than an ortho-one to the sodium 

Fio 14. 

Upper curves. 

Full curve o-Nitrobenzylideneaniline. 

Dotted curve m -Nitrobe-nzylideneaniline. 

Dot and dash curve p- Nitrobenzylidencanilinc . 

Oscillation frequencies. 


26 28 3000 32 34 36 38 4000 42 



Lower curves. 


Full curve Bcnzylidencaniline . 

Dotted curve Benzylidene-m-nitroaniUnc. 

Dot and dash curve Benzylidenc-it-nUroaniline. 

salt of 2: 4-dinitrophenol. On the other hand, there is another 
interpretation to be given to their results, and one which is more 
satisfactory than the one they give. 
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In assume that the absorption 

spectra of' tne’ idtused di- and' tti-nitrophenols would be those of 
the aci-forms of these compounds. This, however, is not the case 
as far as the ortho-nitrophenol is concerned, and it would seem 
TCorth while that the absorption spectra of these substances in 
aqueous solution should be examined. It appears from the curves 
of the two dinitrophenols that there is evidence of a second hand 
at about 1/A = 3900, which renders the compounds similar to 
o-nitrophenol itself. We would therefore expect the aqueous 
solution to show this second band more fully developed at the 
expense of the first band. Again, our results with the solutions of 
the nitrophenols in light petroleum solution show that the spectrum 
of the non-ionised compound can be readily obtained in this -way. * 
There is no doubt also that considerable importance is to be 
derived from a comparison of the absorption of picric acid and' its 
ether dissolved in this solvent. : p }- •: 

The theory that we have advanced, however, offers a completely 
satisfactory explanation of all the absorption results ^iven by 
Buttle and Hewitt. The absorption of both mono* and di-nitro* 
phenols is due to the play of forces between the residual affinities of 
the phenol residue and the nitro-groups. The position of the 
absorption band depends on the absorption of the phenol residue 
and the number and position of the nitro*groups. When the 
absorption of the phenol group is shifted nearer to the red by 
conversion into the sodium salt, so is the spectrum of the substituted 
phenol also shifted in the same manner. In trioitroanisole it is 


evident that the single hydroxyl group is insufficient to counteract 
the restraining influence of the three nitro-groups. When, however, 
the influence of the hydroxyl is enhanced by conversion into the 
sodium salt, then it is sufficiently powerful to overcome the restraint 
of the nitro-groups, but the absorption produced is not so near the 
red as in the dinitrophenoxides. // ■ 

It is interesting to note that with the exception of trinitroaniaole, 
the abnormality of which is noted above, all the nitro-compounds 
containing the hydroxyl or amino-groups in the ortho-position with 
respect to the nitro-group give evidence of two hands, whilst the 
para-isomerides only 'show one absorption band. The reason for 
this is not clear, but it seems to he characteristic of nearly all 
ortho-disubstituted benzenes with two powerful groups of different 
type. We propose to investigate this more fully in the hopes of 
determining the origin. 

There remains now to be described the very remarkable influence 
that the nature of the solvent has on the absorption of the sub- 
stituted nitro-compounds. Although no definite relation Has as 
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bands towards the red,, "it that, 

whilst nitroquinol dimethyl ether in the solid state and in alcoholic 
solution is strongly yellow, the solution of this compound in light 
i petroleum is quite colourless. We have also noticed that the same 
‘is true for a-nitronaphthalene and 4-nitro-o-xylene. Also we find 
^hat aqueous solutions of these compounds are even more strongly 
Coloured than the alcoholic solutions. We have examined the 
^absorption spectra of many of these compounds in different solvents, 
|||d. find that the colour changes are simply due to shifts in the 
jm^itions of the absorption bands. The solvents used were light 
•jgeiroleum, alcohol, water, chloroform, benzene, pyridine, and 
no. In the case of the light petroleum, Kahlbaum's best 
arial was used (b. p. 30—50°, for the determination of fat), 
Jjfii was shaken for many hours with concentrated sulphuric acid 
in qrdec^> remove small quantities of some unsaturated substances 
:||||ent, which produce a marked absorption. After this treatment 
th# material has very slight absorption in short layers. The three 
;Jggt solvents have, of course, very considerable absorption, and, 
could only be used in those cases where the absorption band of thJ 
nitro-compound is sufficiently far from the ultra-violet. 

^. Nitroquinol dimethyl ether was examined in all the aboy^ 
'Solvents, and the position of the absorption band, as can be seen* 
[man the curves in Fig. 8, varies considerably. The position of the 
head of the absorption band in the various solvents is shown in the 
:MUowing table: 

djlfef'- Light petroleum 3000 

Benzene v .... 2900 

Alcohol 2800 

Chloroform 2750 

Pyridine# 2730 

Water \ 2680 

vyAiA. Aniline / 

A maximum variation of 320 units is thus shown in the case 
■pi this substance. 

slgis^gain, 4-nitro-o-xylene exhibits in alcohol an absorption band 
...with head at l/\ = 3550, whilst in petroleum solution the head 
f-jjj&i at l/\ = 3720 (Fig. 3). 

..•With a-nitronaphthalene, the position of the band is as follows 

ate' 

Light petroleum 3200 

Alcohol 3100 

Benzene 3050 

In j8-nitronaphthalene, all three bands are nearer the red ia 
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solution, as can be 

geea: 1^4— l _ T ..,. : — v . . T ....... ,. # a v .. vvw _ 

An analogoii^ bserv ation was made in the case of the three nitro- 
toluenes, for here it -was found that a difference in the absorption f 
occurs with the strength of the solution. As can be seen from 
Jig. 1 (full curves), the absorption band is most pronounced when; 
A/ 1000 -solutions are examined. If equivalent lengths of N j 10,000*1 
solutions are observed, the absorption band is less persistent (Fig. 1$ 
dotted curves). , 

We would point out as a result of the observations in different 
Solvents of the substituted intro-compounds in which no qumono^* 1 ^ 
structure is possible, that, strong presumptive evidence is obt 
against the quinonoid configuration of the nitrophenols. 
whereas the increase in the residual affinity of the solvent jj 
produce a shift in the absorption bands by so great an amoi 
where no change in configuration occurs, it is not unreasonable^ 
argue against a radical change in configuration when an^incre^ 
in the residual affinity of one of the substituent groups (OH*|| 
ONa) produces an exactly similar change, although perhaps i 
times rather greater in amount. We feel therefore that the cha^^ 
of evidence against there being any radical difference between the'; 
structure of the nitrophenols and their sodium salts is completed a 
by these observations, and therefore are bound to express our-;" 
selves against the quinonoid configuration of the nitroanilines r™^ 
the sodium nitrophenoxides. 

In conclusion, we wish to express our cordial thanks to Profe; 
Crossley for his courtesy in supplying us with the nitro-derivafci^ 
of o-xylene, and also to the Research Fund Committee of the Chemif 
Society for a grant in aid of this investigation. 

University of London, Univf,rsity College, * 

Spectroscopic Laboratory. 


LX .— The Isolation of Stable Sail Hydrates, with 
Special Reference to the Stable Hydrates of 
Sodium Carbonate. 

By Alexander Charles Cumming. 

The actual existence of a number of salt hydrates which have be&i 
described must be regarded at present as an open question. Twelve 
hydrates of sodium carbonate have been described, yet Ketner (Zritech. 
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physical. Chem 1902, W biW 

Muller-Erzbaoh (5^^!! there w 6 r e 

but two hydrates. This instance illustrates the need for further 
criteria of the existence of hydrates, since, according to the descrip, 
tions, all twelve hydrates might have been stable 'hydrates. New 
hydrates are usually isolated incidentally in the course of solubility 
determinations or research of a similar nature. In general, the main 
purpose of the experiment is not the isolation of a new or of any 
particular hydrate, and a brief review of these methpds will show that 
they are not for the most part well adapted to their secondary 
purpose, namely, the isolation of hydrates. 

.$ Solubility Method . — The solubility curve of a substance which forms 
'hydrates may show a break at a transition temperature. Crystallisa- 
tion aboye this temperature will yield a lower hydrate, or the anhydrous 
Balt, whilst crystallisation below this temperature will yield a higher 
hydrate. The break in the solubility curve may, however, not be 
obtained, as the transition temperature may be outside the range of 
convenient or possible measurement; thus the solubility curve for 
copper sulphate (Landolt-Bornstein, Physikalisch-chemische Tabdlen , 
1905, p. 537) offers no evidence of the existence of any hydrate other 
than the pentahydrate. Further, the solubility of a hydrate may in 
many cases be measured iu a region where it is unstable, and this 
might easily lead to the non-detection of another hydrate. 

The existence of a hydrate may be detected by observation of a 
transition point from the solubility curve or by other methods, euch^ 
.As the dilatometer method, but it may still remain a matter of greet" 
.difficulty to isolate the indicated hydrate. 

Calorimetric Method . — The existence of a hydrate may be detected 
from measurements of the heats of solution of the salts in various 
^states of hydration (Thomsen, Thermochemistry , English translation, 

; 1908 ; Donnan and IJope, Trans. Faraday Soc. } 1909, 5, 244). The 
‘method is troublesome, and may not yield definito results, as, for 
example, Donnan and Hope have shown that this method does not 
reveal the existence of copper sulphate trihydrate, although it proves 
definitely that copper sulphate forms a monohydrate. 

M Vapour Pressure Method . — Another method which is not open to 


these objections is the measurement of vapour pressures of mixtures 
containing varied amounts of water. Lescoeur (Ann. Ghim. Phys., 1890, 
{yi], 21, 511) was able to show in this way that there are only three 
hydrates of copper sulphate. This method is satisfactory if sufficient 
experiments are performed, but it is very laborious. 

Desiccation with Sulphuric Acid . — If a mixture of a salt with an 
excess of water is placed over sulphuric acid in a closed vessel, it will 
be desiccated until a definite hydrate is left, provided that the aqueous 
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of sulphuric 

add, It is |^8|W6^to isolate all the stable hydrates of a salt. This is 
| practical method, add has found application in work by Ketner (loc. 
^,) and others. Ketner states in a footnote that this method has 
tong been used in the laboratory in Leyden. ^ 

• Method under Investigation . — The method which has been in- 
vestigated in this research is based on the same principle as that used 
to Leyden, but instead of desiccating with sulphuric acid, each hydrate j, 
was prepared by desiccation, with the next lower hydrate, except ii? 
fche case of the lowest hydrate, where the anhydrous salt was used aJi 
die desiccating agent. •'■SSg 

It was shown by Andreae ( Zeitsch . physikal. Chem., 1897, 7, 241/| 
that if three hydrates are placed in a closed vessel, the highest will Iose| 
•water to the lowest until there are only two hydrates in the system^ 
It may be pointed out that this is an interesting illustration of thoi 
Phase Rule. In one experiment Andreae placed a mixture of strontium| 
chloride hexahydrate and dihydrate in one flask, a mixture of the| 
dihydrate an( j anhydrous salt in another, and connected the two| 
flasks. The first mixture lost water to the second mixture until alt} 
the hexahydrate had been converted into dihydrate, after which noi 
farther dehydration occurred. This obviously is a method for the! 
preparation of strontium chloride dihydrate. Walker and Beveridges 
(Trans., 1907, 91, 1797) have used this device for the preparations 
p-toluidine monohydrate, and drew attention to the fact that a hydrai 
can be completely dried, without being decomposed, by the dehydrating 
action of the next lower hydrate, the lowest hydrate being prepared^ 
by the dehydrating action of the anhydrous substance. This should^ 
provide a method for the isolation of all the hydrates of any substance^ 
which are stable at the temperature of experiment. If a small supply| 
of moist salt is exposed to the dehydrating action of the anhydrousp 
salt, it should be dehydrated until the lowest hydrate is left. The; 
total quantity of water to be taken up by the anhydrous salt must be| 
lesaHhan sufficient to convert all of it into the lowest hydrate, so that] 
a relatively large amount should be used. When the lowest hydrate? 
has been isolated, it may be used to prepare the next in the series, andj 
by continuation of the process the whole series of hydrates might; 
be isolated. The process might also be carried out in the reverse 
direction, that is, the hydrates might be prepared by hydration, using, 
the next highest hydrate in each case as the hydrating agent. Only* 
stable hydrates have been referred to, since this method is unlikely to 
yield any information about hydrates unstable at the temperature of 
observation, Attention may be drawn also to the fact that the method 
VOL. XCVII. R R 
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S would fa: 

jpemjpera,t™^ 

Jhave three 
f experimental 

oTAinireae and of Walker and lieveridge. A^inruier, examina^ 
ll^refpre, appeared desirable, as the Jesuits would he intereetingfj 
^"“/point of viewilf the Phase Rule. In the course of the reaear^l 
^information was obtained an to the rate of hydration 
rydration of hydrates under various conditions, a subject aj* 
ilch very little is known at present. 

Hydrates of Sodium Carbonate. 

|jpwas decided to apply the method to the hydrates of sodRS 
bonate. An exact knowledge of the hydrates of such a conyaJl| 
stance is obviously desirable, but very conflicting statements ai^t 
jfrfound in the literature. Two hydrates are well known artid 
j|<}binmerce, namely, the monohydrate and the decahydrate. Hydrat&jp 
grve also been described with 14, 2, 2|, 3, 4, 5, 6, 7, 8, and 9 molecukp 
water pet' molecule of sodium carbonate. Another hydrate*! 
^,C0 3 ,15H 2 0, has also been described, but as it was prepared outyt 
| low temperature it may be excluded from the present discussion^ 
rof the above hydrates from the methods of preparation andS 
erties given by the respective authors should be stable at tK|: 
dinary temperature, but Muller-Erzbach (loc. cit.) could only isolate'' 
p monohydrate and decahydrate. Ketner(£cc. cit.), by drying with' 
fcious concentrations of sulphuric acid, obtained hydrates with I, 

£ 10 molecules of water. Wells and Macadam, jun. (J. Amer. CheM' 
1907, 29, 721), in thecourse of careful solubility determinat| 
tDonnan and Hope ( loc . cit.), from calorimetrical analysis, roi 
l same three hydrates as Ketner. These recent researches lea^f 
Jjfcle ‘doubt that there are only three stable hydrates of sodii 
fbonate, but in view of the earlier results, further confirmata^i 
pppeared desirable, especially as none of the researches provides a rij^id 
of of the number of stable hydrates. 


Experimental. 


ff ! Preparation of Lowest Hydrate. — The preparation of the low^l 
pirate may be described in some detail, as the experiment was 
pieal of the method adopted. ... ^ « 

f _Dn the floor of a vacuum desiccator wore placed about 100j£ranffl<| 
hydrous sodium carbonate. A small weighed quantity ,,o|. r $f 
ahydrate, spread in a thin layer on a watch-glass, was dh* 0 
Sroduced, and the desiccator evacuated. The apparatu^g^.^l^ 
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>..the substance on " 
^weight could 
tezlbed the lowest 
8 ame »apj[)i}r pressure as .the 
made up of originally; aiinydrous sodiu 
>ohate plas |he sruall amount of water obtained by dehydration 
||i 0 cahydrat€. 

Table I; 

Molecul 

h&'ar 

'fW* 


Ifiiw ffi days. > 

Weight in grams. 

Loss in grama. 

HjO per Na, 

- 

2*129 

— 

10-0 


0-925 

1-204 

1-0 

1 10 f 

0 925 

1-204 

* 1-0 

#■"* Ji'’" ■ 

0*925 

1-204 

1*0 


r The substance lost water until Na 2 C0 3 ,H 2 0 was left, after whii 
irther dehydration was detected. In all the later experiment* 
stance was roughly ground at the start of an experiment. 
y weight had become constant, it was ground to a fine powder,^ 

| experiment continued. In no case was a further change in wejg 
^ticed with hydrates of sodium carbonate. The composition ]; 
jilculated from the weight of water lost, and, as a check, the hyd 
j|btained was analysed, except in the first experiment, where this 
pot done. 

' Hydrate next above the Monohydrate . — An intimate mixture : 
|nhydrous and decahydrated sodium carbonate was made in 
proportion calculated to give the monohydrate, and the mixture j 
c kept in an evacuated vessel for three weeks before use. A 
|?wghed. quantity of sodium carbonate was then dehydrated by a I 
inpunt of this mixture. . 

Table II. § 

Molecules 


in days. 

Y/eight in grams. 

Loss in grams. 

H 2 0 per Na* 

0 

2-391 

— 

10-0 

1 

2-206 

0-185 

8-8 

2 

2 079 

0-312 

7*9 

7 

1-942 

0-449 

7-02 

13 

1-941 

0-450 

7*0V 

16 

1-941 

0450 

7 01 


this experiment the dehydrating agent was a mixt' 
iydrous and decahydrated sodium carbonates in the prppp 
plated to yield the monobydrate. As there was a re 
IpoteibUity that the monobydrate had not been formed, it was pre 
||a. another way. The crystalline decahydrate was melted 
^te|n^bath and evaporated until a sufficient quantity of the i 
hydtatp had . separated. This was filtered from the hot solut’ 
Analysis shewed these crystals to have the empirical composite 
that is, they were crystals of the monohydrate 
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with a small proporti<|P 
of the 

monohydrate. 





spppi 

Table III; 


Time in days. 

Weight in grams. 

Loss in grams. 

’ Molecules 
H s O per Na 2 CCL 

0 

2-488 

— 

100 3 

5 

2T58 

0-280 

8-0 

tl 

1-981 

0-457 

7*2 

14 

1-976 

0-462 

7-0 • 

21 

1-976 

0.-462 

7-0 


|pf-The substance was then finely ground. No further loss was 
tetected after seventy-three days in an evacuated vessel. 

If Hydrate next above the Heptahydrate. — It was found that no 
Ihydration of the docabydrate had taken place after seven days 
•'an evacuated vessel above a mixture of hydrates which had the 
Empirical composition Na 9 C0 3 ,7’3H 0 0. There is no evidence, there?? 
W«i any hydrate intermediate between the heptahydrate and 
cf&Dahydrate. 

»jjr Hydration of a less Hydrated Salt . 

In the previous experiments a hydrate was dehydrated by a lower 
hydrate until the hydrate next in the series to the lower hydrate 
jgptag obtained. The process may be carried out in the reverse 
Planner, that is, a substance may be hydrated by a higher hydrate 
pantil the hydrate next below the higher hydrate is formed. 

■ Hydrate next below the Decahydrate. — A small weighed, sample 
^pf the anhydrous salt was hydrated by a large supply of slightly 
Effloresced decahydrate. 

Table IV. 

Molecules 


jTime in days. 

Weight in grams. 

Increase in grama. 

H 2 0 per N&./X), 

sV 

T717 

— 

— • 

1" 1 

2T23 

0'406 

1*4 

L 4 

2*328 

0*611 

2 1 

p: 11 

2-673 

0*956 

3-3 

£' 15 

2-777 

1060 

3-6 

&... 19 

2-900 

1183 

4T 

y, ' 25 

3-238 

1 521 

5-2 

1 28 

8-S05 

1-588 

5-5 

g- 39 

3-540 

1-823 

6*3 

50 

3-722 

2*005 

6-9 

96 

3-738 

2 021 

6-93 

216 

- 3-738 

2 021 

s 6 93 


fm— The amount of water given in the last column is calculated from 
gain in weight, on the assumption that the sample was quite 
.5 ^anhydrous at the beginning of the experiment, but a trace of water 
have been present, as analysis showed that tpie substance finally 
"obtained was pure Na 2 C0 3 ,7H 2 0. 
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.water was taken . 
ylpwer rate. This." 


probable existence of .a| 


emainder 

indicates the ^iu u » wq caioucuuo vi . 

\\ ' ' - .. . . ' 
| The existence of MgS0 4 ,6H 2 0 was indicated in a similar manner 
during the dehydration of M.gS0 4 ,7H 2 0 by anhydrous magnesium! 
sulphate. One-seventh of the water was lost in the first day, and th$*?: 
dehydration then became extremely slow. t| 

Hydrate next below the Heptahydrate . — A small weighed sample* oSfy* 
anhydrous salt was hydrated with 100 grams of the heptahydrate. " * 


Table V. 


Molecules 


Time in day a 

Weight in grams. 

Increase in grams. 

H 2 0 per Na, 

0 

0*607 





2 

0-608 

0-078 

0-76 

22 

0-709 

0*102 

0-99 

86 

0-712 

0-105 

102 

58 

0*712 

0T05 

1*02 




Highest Hydrate of Sodium Carbonate . — A small weighed quantity 
of anhydrous sodium carbonate was exposed to the hydrating actibip 
of a saturated solution with which was mixed a large supply 


Table VI. 


Molecules 


e in days. 

Weight in grams. 

Increase in grams. 

H 2 0 per Na s ( 



0-735 

— 

— 

1 

1*210 

0*585 

4-7 

2 

1-379 

0-644 

5-2 

3 

1-566 

0*831 

6*7 

4 

1-633 

0-896 

7-2 

7 

1-753 

1-018 

8T ' 

11 

1-853 

1*118 

9 0 

37 

1-985 

1-250 

10-01 

51 

1 985 

1-250 

1001 

results in 

these tables have 

been expressed graphically 


diagram. The experiments were carried out at room temperature, and 
the mean temperature would be about 12°!. 

It is evident that with these hydrates, dehydration of a smaj| 
quantity of substance provides a quicker process for the preparation M 
a hydrate than does the hydration method. . . 

The two curves showing dehydration to the heptahydrate illustraw 
the difference in time produced by a slight variation in the condition^ 
of the experiment. A first inspection of these results would suggdij 
that a rigid proof has been obtained that there are three, an<^. no! 
more than three, stable hydrates of sodium carbonate. The existence 
of the three hydrates with 1, 7, and 10 molecules of water is 
certainly proved, but consideration will show that the existence oi 




first few days all the drops crystallised, with the! 
^Ipfion of ? tW minute drops. These were still present at the end 

t ty-?even days, and when these were touched they did not crystS 1 J 
completely. The formation of the drops of supersaturated soluiif 
^the beginning of the experiment is mainly remarkable in that tW 
iliiiot have been any nucleus present to start the formation** 
le^abydrate, despite the fact that the floor of the vessel was ccr 
idth moist crystals of the deeahydrate. The supersaturated soluti 
Should have a lower vapour pressure than the wet deeahydrate sysj 
Lnd would therefore continue to absorb water. In absence of 
nucleus of deeahydrate, the absorption of water would continue, ljB 
io be supposed, until these drops had the same vapour pressure asSf 
System below, that is, until a “ saturated solution ” had been fornj* 
|rhis agrees with the fact that only partial crystallisation occur: 
^when the drops were artificially seeded, since the liquid left after* ' 
crystallisation must have been “ saturated solution.” If this expla 
^ion be accepted, “ saturated solution ” was formed without formal 
of the intermediate phase, the deeahydrate. The experiment has 1 
repeated three times, and in two cases the solution phase was form^ 
■In all cases most of the salt hydrated directly to the solid hydraS 
Jbnfc small detached drops of solution formed in places on the $ 

| Method, for the Isolation of a new Hydrate . — From the^mj 
^obtained with sodium carbonate it might seem that the method < 
Ifoied in the earlier part of this paper would quickly lead toj 
Isolation of all the hydrates of any salt. From experiments j||L 
|ether salts, however, it appears that sodium carbonate is a par|iculai« 
^favourable case, and a considerable search may bo necessary be|< 
another salt is found which yields a series of hydrates so qhifl 
^ind completely at the ordinary temperature. Magnesium sulg 
Keptabydrate, dehydrated by anhydrous magnesium sulphate, lostTofi 
^-seventh of its water in the first twenty-four hours, and then lost 

but very slowly. At the end of one hundred and fortjr^ 
the additional amount of water lost corresponded with a lo*| 
a molecule of water, and there was no appreciable ino: 
id the rate of dehydration after fine grinding. With several I 
salts it was found that hydration or dehydration may occur;* 
extreme slowness. From the experience gained in this research, 
of opinion ifchat. the systematic search for all the hvdrates of atcsiilt 
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otherwise of by 

paeans of this method. The method has the further important practical 
advantage that if the hydrate has any existence it will be obtained ial 
a pure state. If the existence of a hydrate with n molecules oE water s: 
is suspected, two experiments should bo performed. 

On the floor of a desiccator place a quantity of an artificial finely 
powdered mixture which contains a little lass than n molecules of 
water per molecule of anhydrous salt. On a watch-glass above it 
place a little finely powdered mixture, with a little more than n . 
bolecules of water, and exhaust the vessel. The substance on the 
glass will lose water until the pure hydrate is left, if there is a stable 
hydrate of that composition. This was the method used by Walker 
|nd Beveridge for the preparation of p-toluidine monohydrate. I 
feuld suggest that a second experiment should be performed, using 
a large quantity of a mixture containing slightly mope than n mole- 
pales of water to hydrate a small quantity of a mixture with slightly 
jhsa than n molecules of water. In all cases it is expedient to evacuate 
as thoroughly as possible. The method would probably be of value in 

E ;anic chemistry for the preparation in a pure state of substances 
ich readily dissociate into their constituents, such as iodine additive 
apounds and alcohol additive compounds corresponding with 
hydrates (alcoholates). 

Suspended Transformation . — A curious case of suspended transforma- 
tion was noticed in some experiments with the hydrates of copper 
lulphatfc. The dehydrating agent was a large supply of CuSO^HsO 
in. the form of a fine powder mixed with a email proportion of 
Sgjlvdered pentahydrate. A small weighed quantity of the penta- 
jiydrute wa3 t0 be dehydrated. The pentahydrate had been re- 
crystallised, and was ground to a coarse powder before a sample was 
%aken. It was found that 2’282 grams had lost in two days only 
|jhp04 gram of water, and the colour of the crystals was unchanged. 
Hjter three more days the weight was unchanged. The crystals were 
theiv touched with a platinum spatula, which had been dipped in the' 
^mixture below. No weighable quantity had been added, but a nucleus 
^>f a lower hydrate had evidently been introduced, as efflorescence 
started in two places and spread through the whole mass. 



cupric w? 


ie.|a^^ 7 ^v;^ r eigh^ui grams. 

>m' *r Molecule 

boos in grams; : HjO per Cu 
— * 50 


2*278 

0*004 

■ 

5 - 

2*278 

0 004 

; ■ 

%i2 - 

1*228 

0*354 

3*69 

S3 

1*214 

0*368 

3*62 

145 

1*847 

0*435 

3*37 

175 

1*839 

0*443 

3*35 

182 

1*830 

0*452 

3*31 

212 

1*795 

0*487 

3T8 


From this table it will be seen that once the action had started*] 
dehydration proceeded steadily, but so slowly that it had not attained^ 
completion in seven months. The suspended transformation in thitf| 
. experiment is interesting, in that the vapour pressure in the apparatus^ 
was fixed by the presence of a mixture of monohydrate with a little| 
trihydrate on the floor of the vessel. The initial small loss probably 
indicates a trace of surface moisture, and it is possible that oiji 
this account the grinding did not start the formation of a Iowei^ 
hydrate. 

ChsmistbY Department, 

University of Edinburgh. 


LXL — Affinity Relations of Cupric Oxide and 
Cupric Hydroxide . 

By Arthur John Allmand. 

In the course of a recent paper (Trans., 1909, 95, 2151), the autbo| 
showed that crystalline cupric hydroxide when treated with con© 
trated alkali solutions at the ordinary temperature, or when shake 
with dilute aqueous ammonia at 25°, loses its water and is converts 
into cupric oxide. According to these facts, crystalline cupri 
hydroxide is unstable with respect to cupric oxide and the giv^ 
aqueous solution at the temperatures in question, whereas the reverac 
has been thought to be the case. To decide this point tensimetrill 
and electrometric experiments were undertaken. If in reality crystal 1 .'? 
line cupric hydroxide constitutes an unstable system at the ordinary 
temperature, it must have a higher vapour pressure than water, or 
the alkaline and ammoniacal solutions referred to, and yet it appears 
to be perfectly stable in dry air. Secondly, it must also be more 

soluble than cupric oxide, and the system Pt I alkali should give 
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prw%w sn£BclentlY , ^gr6ftjt to toe detftctwirf 

Mb-'* '*'4 ; **?:# ‘ • ^ . 

v Temimdirk Fxpmmenti. ’ 

il;tensimeter was filled with all the ordinary precautions, 
ntained a sample of “ Becquerel” cupric hydroxide 
311852, 34, 573), which had been dried at 100°, bottled, and sub& 
*lly left in a dessicator over calcium chloride. The other baft 
ined phosphoric oxide, and the indicating liquid in the U-tofl 
Ullolive oil. The tensimeter was placed in a thermostat at 25°, 
ngs were taken over some four months, at the end of whici 
the cupric hydroxide had undergone no marked change in colour, 
following table contains the results. 


Table I. Temperature 25°. 


Time of observation. 
September 27 
28 


29 

„ 30 

October 2 

4 
6 

20 

November 2 


December 1 

7 


Reading in mm. of olive oil. 

Filled and sealed : kept limbs in connexion. 
Allowed oil to flow into U-tubc; placed ii 
thermostat. 

7 


— 14, Took out, and allowed limbs to stand i! 
connexion 15 hours. Replaced. Reading^ 
very slowly. ' •■4"; 

—4 . "-v. 

-4. Put limbs once more in connexion for j 
hours. Replaced. ■ ; K 

-4 


5 1*5. Put limbs into connexion once more for & 

hours. Replaced. 

20 1-5 

jrbe vapour pressure of water at 25° is about 23 ’5 mm. of 
list the highest pressure observed in the tensimeter was about 
of olive oil. This supported the view that cupric hydroxid 
|||the stable system. It was, however, possible that the dehydratidi 
ydid not commence, owing to powerful opposing reaction resistances 
by the addition of some quantity of a decomposition 
^thqk reaction resistances could be overcome. A second tensioiete: 


jte'tberefore filled, containing in one limb a mix' 





Fable II. Temperature *••*; 

Reading in mm. of olive bOl ^ ^ 


January 




Started 
9 

9‘5 
11-5 
11 '5 
12 5 

13 ‘5. Placed limbs in connexion for 24^ 
Replaced. 

1*5 


M. 


i 




be seen that the figures are practically identical with Itfi 
Ifo table I, furnishing further evidence in favour of the view .ibj 
^rystaUine cupric hydroxide is stable with respect to copper oxide M 
flater. The fact that the same two final figures — 13 ’5 mm, | 

If *5 mm. — occur in both tables points to their corresponding with M 
definite equilibrium states. It has been already shown ( loc . ok) tfg 
Crystalline cupric hydroxide contains more water (in the ratio 
JHian is demanded by the formula <Ju(HO) 2 , and that it is improbajp 
that this excess is physically held or adsorbed. It was suggesj^ 
that the excess may be due to the presence of small quantities or3 
•higher hydrate, such as Cu0,2H 2 0. If that view be taken, we ? 
perhaps ascribe the higher of the two vapour, pressures observe# 5 
*tbe presence of this hydrate, and write : * 

putf) at 25° for Cu(H0) 2 ,«H 2 0 — Cu(H0) 2 + a;H 2 0 
£=0*9 mm. mercury. 

f : |The specific gravity of olive oil is taken as 0'9.) 

In any case it is highly probable that the lower vapour pr< 
^measured corresponds with the dehydration of cupric hydros 
|| Copper oxide and water, and we can write : 

Ph 2 o at 25° for Cu(HO) 2 CuO + H 2 0 

• ' (fresh) . 

•w&vV ■■ v: .• • ' 

a; 0*1 mm. of mercury. * ; J2 


Electrometric Measurements. 


i CuO 


Js? The electrode measured was always of the type q 

gg;. ?V- » ^ * 2 

f With the exception of a few experiments carried out with W-potj 
hydroxide and Nj 10-sodium hydroxide, the electrolyte employed 
, -A T -sodium hydroxide (carbonate -free). The electrode vessels ^wette- 
adapted fo* shaking and similar to those already ^escribed (loc. 
whilst the measuring annaratus — eral van o meter, Weston elemint^ 
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metre bridge 
revolved on ) 
calomel eleel 


readings were made at the ordinary temperature, namely, 17°. The 
potential of the iV-calomel electrode was taken as +0*282 volt at 1^ 
the liquid potential difference between iY-potassium chloride anl>: 
iY-sodium hydroxide as 0 020 volt. 

the first experiments, cupric oxide was used, prepared b 
thorough ignition.of cupric hydroxide or cuprous oxide over a Bunsen * 
|iimer. Now the single potential difference given by the system 

§l 6 '| is -0*074 volt (loe. cit), and judging from 

®ie results of the vapour-pressure measurements, the combination 
pt | A r -NaOH should give a more positive value, corresponding 

|with a tendency for the change CuO + H 2 0 — >• Ou(HO) 2 to take 
%Iace. As a matter of fact, the behaviour of the electrodes was as 
^follows. They commenced (read the day after setting up) by giving 
^Considerably more negative values than the cupric hydroxide electrode, 
|fcnd then slowly fell, becoming more and more negative, and in some 
peases finally reaching or approaching an asymptotic value. For 
^example, an electrode set up containing A-sodium hydroxide and 
aeuprie oxide, prepared by igniting cuprous oxide, gave the 
|||adings. 


TaSle III. 

Days after setting up. 

1 

3 

4 

5 

6 

7 

8 

10 

11 

12 

H 


Temperature 17°. 

Single potential Pt | ^^AT-NaOH. 

-0*096 volt 
-0*109 „ 

- 0*112 „ 

-0*114 to -0*115 volt 
0*117 
-0118 
-0*119 

- 0*120 „ 

« -0*120 to -0 119 „ 

-0*120 to -0*119 „ 

-0*121 to -0*122 „ 


||VThe rate of fall of potential was very different in different cases, as 
^was also its extent. The first explanation which suggests itself is 
that the electrode is not acting reversibly. Of electrode systems in 
which the reaction taking place is not the complete discharge of 
an ion to a neutral substance, but only an increase or decrease in the 
number of ionic charges, it is known that but few behave reversibly, and 
this is particularly^the case in alkaline solutions. On the other hand, 
the particular reaction Cu* * Cu* + 0 is reversible in acid solution, 
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/,ih$ Pb 


I Cu{HO) 2 
I 0u 2 0 

Ikali ® TOUUllJ l '- Lll ‘ u 1U 18 *fso solutioii v | 

1907, 13, 289) has declared the criteria 
of irreversibility of an electrode to bo (amongst others): (1) fluctuations 
potential value; (2) two electrodes in the same solution giving^ 
different values ; (3) changes on shaking, and (4) changes in concentrao 
iion of the electrolyte not bringing about the corresponding theoretical^ 
-potential changes. ^ 

In the present case, the variation in potential was always a| 
directed 'one— a fall- To test the second point an electrode vessfe|| 
Vas made up containing two electrodes (one blank and one platinised 
about 2 cm. apart, dipping into the same mixture of depolariser an|§ 
electrolyte. They were measured over a period of five weeks, duriu|| 
which time the potential fell by 0'025 volt, and they always agreed iM 
within 0*0004 volt. It was further found that shaking never altere® 
the potential of any electrode by more than a millivolt, and tfe|| 
original value was restored within a minute or two on standi^ 

I Cu(HO) 2 alkali e i ec t r ode 9 gave the theoretical change on alterilji 
I Cu 2 0 

t h e concentration of the alkali (slight deviations could be otherw: 

l n~f \ 


Cut) 
Cu,0 1 


explained), and a few experiments carried out with Pt 

electrodes, using alkali of different concentrations, gave indication^ 
the same behaviour. That cupric hydroxide is really far more soi|fj 
than cupric oxide is also shown by the fact that, whereas the forna^ 
when shaken up with alkali and an excess of finely-divided copper^ 
completely converted into cuprous oxide within a few days, cupfl 
oxide was found to be only altered slightly by a month’s shaking.^ 
seems justifiable to assume therefore that the electrode is 
reversibly, and giving the true potential corresponding with the relat^| 

. concentrations in the solution at any moment of Cu * and Cu ions. Jaj 
This being so, the only other explanation open is that some kin<W 
change is taking place in the copper oxide, rendering it less soluble 
This view seems particularly plausible, as cupric oxide is not crystal!^ 
. but amorphous, and as such is subject to the phenomenon of agevtiffi 
which is bound up with a progressive decrease in solubility. Tg 
nature of this process is still obscure. It has been regarded as the 
result of a slow crystallisation taking place in the amorphous masS> 
looking on the latter as a supercooled liquid. This does not seem very 
probable, as the solubility of the material should not then appreciably 
alter until completely changed into crystalline substance. The 
phenomenon is particularly well marked in the cases of precipitated 
colloidal substances ( Zeitsch , anorg. Ghem.., 1899, ®0, 185 ; 1900, 25, 
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1904 io 1, 27 : 38, 377 • 

probable loss of water, and by\ striikg decrease ii^the bulk anj 
surface of the precipitate, and Hantzsch (Ze itsch. aiiorg. Chem, } I 902 
30, 338) has ascribed the lowering in solubility to both chemical and 
physical reasons, the former depending on the supposed molecular dehy- i! 
-dration which accompanies the ageing, and the latter being due to the 
s;great decrease in surface which is the result of the spontaneous coagu/ 
lation of the material. Ostwald ( Zeitsch , physikcU. Chem., 1900, 34 } 39^ 
|,had previously advanced the conception of dependence of solubility on 
g^urface or size of grain to account for the differences displayed between 
|jthe red and yellow forms of mercuric oxide, and the idea was further 
^extended to other substances (all crystalline) by Hulett (Zeitsch, 
Chem,., 1901, 37, 385), Hulett and Allen («7. Amer. Chem 
SSoc., 1902, 24, 667), and von Stein webr ( Zeitsch . ElelUrochem 1906, 
||2, 578). It has been lately shown (Trans., 1909, 95, 2151, and 
Igmpublished work of the author) that the initial decrease observed 

the single potential readings of the system Pt | alkali 

^ Hg | HgO alkali can be ascribed to a spontaneous diminution in 
Lbilifcy due to the same cause. 

n the present case fcbe author is disinclined to adopt that explana- 
pio% As will be seen, the difference between the highest and lowest 

?$£lues experimentally obtained with the Pt alkali electrodes is 

fx&: •- I 

0/093 volt, which corresponds with a ratio of solubilities in the two 
|«ases of about 40 : 1. On the other hand, the greatest ratio in which 
me solubility of a substance has been increased by alteration of the 
ig^rface conditions is 3 : 1 (Hulett, loc. cit.). Further, the colloidal, 
•(hydroxides to which Hantzsch has applied Ostwald’s conception do 


*ceptainly show a very remarkable diminution of surface when ageing, 
Ijlhilsfc the samples of copper oxide with which the author has worked 
^undergo no such change. 

A more probable explanation is that the phenomenon is due to 
gradual polymerisation of the molecules of the copper oxide, and that 
ftfrany moment between the time of preparation of the fresh substance 
t aijd the time of complete ageing we have a solid solution containing 
two (or more) kinds of molecules of different complexity in proportions 
which do not correspond with the equilibrium ratios. Assuming, then, 
that the more complex molecule is the less soluble, and that the freshly 


prepared material has an undue preponderance of simple molecules, the 
Bolubility of a sample of copper oxide will slowly fall, until a value 
fchas been reached corresponding with the equilibrium concentrations of 
the different kinds *of molecules. When shaken up with something 



which 
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iohf the vebcity of the process will be 
^ usfTjiave that effeot, owing to the slight 
mDhotbriO^^^^^^ ™ copper oxide; and it is found >% experience 
that left to ilSlf, the oxide alters very slowly indeed, but that it ages 
iu contact with alkali, and more rapidly in a concentrated than in a 
dilute alkaline solution. We will adopt this polymerisation conception 
a working hypothesis. Then it is very probable that the equilibrium 
of the different kinds of molecules will shift with increase of tempera- 
ture and in favour of the less associated molecule, the formation of • 
which is probably accompanied by absorption of heat. Further, the 
rate at which equilibrium is reached will be greater the higher the. 
temperature; and consequently, until equilibrium has set • 

determinations of solubility, potential difference, dissociation pressure^’* 
etc. (all of them related quantities) will yield results depending to^ : 
greater or less extent on : 

(a) Temperature of preparation of sample. 

(J) Time during which it was kept at that temperature. 

(c) Bate of passage from temperature of preparation to temperatures s 
of measurement. 

And the influence of the temperature of measurement will be a two- 
fold one, due to : A,.., 

(a) The change of solubility, etc., of each different kind of molecule,, 
with change of temperature, and 

( b ) The variation in the relative proportions of the different kindSp 
of molecules with change of temperature. 

In Fig. 1, temperature is plotted along the abscissa and along. t h#^ 
ordinate solubility or dissociation pressure of the oxide. AB wouli|| 
represent the curve supposing all the molecules to be simple, and CJi 
^supposing them all to be complex, whilst EF is the actual equilibriipriSE 
curve, which moves nearer to A B as the temperature rises, correspond 
ing with a decrease in the proportion of the more complex molecuio%J 
With the simple assumptions already made, it is possible to trs 
qualitatively on the above curve the behaviour of any sample^ 
copper oxide on heating or cooling or measurement. Let, for example* 
the line AEC correspond with 17°, at which temperature a specimen 
of copper oxide is made by withdrawing water from cupric hydroxid«| 

It will initially have the dissociation pressure corresponding with yfti? 
This will fall pretty rapidly at first along the line AE. Suppose 
when the point* a is reached the oxide be heated to a temperature 
< 1 °. If no further polymerisation were to take place, its path would 
he along the line a&. Polymerisation will continue, however, and tb«? 
more rapidly the higher the temperature (although the closer proximity 
of the curves ab and Ec at the higher temperature will tend to* 
diminish the rate of change). The actual path followed then will fall 
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below but close to it if the temperature be raised rapidly, ^ 
temperature be raised very slowly, then the equilibrium curve Ec will h e 
reached proportionately sooner, and followed until c preached, ^ 
intermediate or variable rates of increase of temperature, the li ne 
be may finally be struck, or the curve Ec cut, and a point below it 
such as ultimately reached^ Hence, at the temperature t° the 
initial dissociation pressure given by the oxide may be equal to, greater 
than, or less than the equilibrium value. 

Fm. 1. 



We will now attempt to interpret the single potential readings 

JV-NaOH in terms of 


CuO 

Cu,0 


which were obtained for the system Pt j 
the conception developed above. 

1. Value of Point A (Fig. 1). — This is not given directly by 
electrometric measurements, but can be deduced from the tensimeter 
readings already discussed. 

We have : 

joh 2 o a t 25° for Cu(HO) 2 ^ CuO + H 2 0 
= 01 mm. mercury, 

and 

at 25° for pure water 
= 23*5 mm. mercury. 
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Hence the decrease in free energy of the reaction 

Cu0 + H 2 0-^Cu(H0) 

(freshly 

prepared) 

at 25° « RT ln Tjrf 

= 0*06 log. 235 volt'faradays 
= 0*06 x 2*37 volt -far ad ays. 

It will not be very different at 17°. 

If the cell 

current in cell 

p I CuO (fresh) j. j. Cu(IIO) 2 | p 
W \ Cu 2 0 al * al1 Cu 2 0 I Ft 

were to be set up, the chemical result for the passage of one farad ay 
would be the same reaction, namely : 

[fresh CuO] + [H. 2 Oj — > [Cu(HO)J, 

Hence SJLF. = 0*06 x 2*37 volts 
= 6*142 volt. 


We know that Pt j 'q ^ ^NaOU- - 0 074 volt 
Therefore, 

Pt | [r es *J Cw0 A-NaOH 
| Cu. 2 0 

=* +■ 0*068 volt. 


2. Value of Point E (Fig. 1). — For fchjs value the author has 
taken the lowest figure reached in any of the measurements, that is, 
-0*154 volt. It was obtained with a sample of cupric oxide pre- 
pared by ignition of cupric nitrate. As the accompanying figure (2) 
shows, it was approached asymptotically, which fact supports the 
view that it represented the true equilibrium value. The other curve 
on tbe same diagram was given by a sample of oxide obtained by 
ignition of cuprous oxide. Although not followed to the end (the 
electrode vessel broke), it appears likely that it would have reached 
the same limiting value. As we shall see later, there is another 
reason for thinking that - 0154 volt is very near the correct value. 

3. Samples of Oxide aged at 950 — 1000°. — Some cupric oxide (i), 
prepared by igniting crystalline cupric hydroxide, was placed in 
a platinum crucible and heated in a platinum- wound electric 
heater 


at 800 — 900 e for 3 hours. 
,, 900—950 ,, 1 hour. 
„ 950—1000 „ 3 hours. 
,, lOOO 4 ,, 1 hour. 
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A second sample (ii), also from cupric hydroxide, was similar! 
heated ' <• 

at 800 — 900° for 1J hours, 

„ 900-950 „ 2i „ 

„ 950—970 „ 8 „ 

In both cases the oxide wallowed to cool in the furnace after 
shutting off the current. The following readings resulted, u s j c 
electrodes containing the above oxides. 5 


Fig. 2. 



Table IV. Temperature 17°. 

Potential Pt j A'-NaOH in volts, 


Time after setting up. (i) (ii) 

1 day -0*061 volt 

2 days — -0*063 volt 

5 „ - 0*064 „ 

9 „ -0*067 „ — 

13 — -0*073 ,, 

201 „ -0*076 „ 

22 „ — -o-o;s „ 

29 „ — - 0*081 

36 ,, — 0*084 ,, 


Keferring to Fig. 1, it is seen that for a high temperatui e, such as 
1000°, at which equilibrium will be quickly reached, and at which the 
proportion of simple molecules is comparatively high, the copper oxide 
dissociation pressure will correspond with a point such as e. If suddenly 
chilled, the ratio of the different molecular species would remain 
unaltered, and the falling dissociation pressure would follow the line 
vf. When measured electrometrically at room temperature, a very 
high initial value would result. If cooled more** slowly, as was 
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actually the case, the curve BF would probably be followed for some 
time and then gradually left, the path egh being taken. The point, h , 
finally reached would correspond with the initial potential value, 
- 0061 volt, given by these oxide samples. It is interesting to notice 
that these samples of oxide when first measured were unstable with 

respect to cupric hydroxide, the potential Pt | q^q^ 2 iV-NaOH 
being -0*073 volt, 

4. Samples of oxide prepared by ignition of cupric nitrate , cupric 
hydroxide , or cuprous oxide in an open porcelain crucible over a Bunsen 
flame. — The results of some of the preparations are shown in table III 
and in Fig. 2. Other figures were as follows : 



Table V. 

Temperatui 

*e 17°. 



Single Potential Pt I 

j^A’-NaOH 

in volts. 

Time in days after 
setting up. 




a. 

ft. 

C. 

• d 

1 

- 0T03 

-0*107 

-0*1071 
- 0*310/ 

-0*097 

2 

-0*118 

-0*1091 

0*112/ 

- 

- 

3 

-0123 

-0*114 

o o 

Vi 

- 

4 

-0*125 

-0*115 

— 

— 

14 

— 

— • 


- 0*106 

23 

— 


— 

-0*113 

30 

— 

— 

— 

-0*115 

37 

— 

— 

— 

-0*118 


These preparations were never subjected to such a high temperature 
as those discussed under (3), and they were also cooled far more 
rapidly. During this process one would expect them to follow nearly 
the line kl, falling a little below it only. The value l corresponds 
with the initial figure of — 04)97 to -0*107 volt given in the table, v 
The differences observed will be the result, amongst other things, 
of differences in time of heating, rate of cooling, etc. 

5. Samples of Oxide aged at 350°. — Two samples of crystalline 
cupric hydroxide contained in porcelain crucibles were heated in 
a nickel-wound electric heater to 330 — 350 J for twenty hours. The 
crucibles were then taken out and allowed to cool. Two electrodes 
were made up and measured in the ordinary way. They gave : 

(а) - 0T3o (2nd day) ; -0*134 (13th day). 

(б) -0*133 (3rd day); - 0*133 (10th day) ; - 0*135 (17th day). 

There was thus hardly any alteration during the time of measure- 
ment, and, moreover, the two sets of figures agree very well with 
one another. From this fact we conclude that equilibrium was 
probably reached in the two cases, and frozen by the rapid cooling, 

s s 2 
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during which the dissociation pressure would follow the liu e 
Thus, a low initial value would result. 

6. Samples of Oxide prepared at low temperatures. — Oxide ^ as 
prepared by dehydrating cupric hydroxide with aqueous ammonia at 
25° and with aqueous potassium hydroxide at 70°. The potential values 
of electrode systems containing preparations of oxides thus made on] 
fell very slowly ; although in one case measured for five weeks 
values lower than —0*117 volt were never reached, as the table 
shows : 


Table VI. Temperature 17°. 


Time in 
days after 
setting up, 

1 

2 

3 

4 

5 

6 
7 



Potential difference Pt 

iF-NaOH in volts. 


1 . 

2 . 


3 . 

4 . 

5 . 

6 . 



- 0*1061 

! 

- OT 08 1 


- 0*0991 




- 0-109 J 

r 

- 1-109 / 

— 

- 0*100 / 

- 0-011 

- 0-102 

- 0*106 \ 

0-118 1 

i 






- 0 * 109 / 

- 0-114 j 

\ 

~ 

— 

- 0*100 

— 

- 

- 0*114 

— 


— 

— 

- 0*102 

_ 


- 0 T 15 

- 0-116 


— 

- 0*111 

— 

- 0-113 

- 0-108 

— 

— 


— 

— 

- 0*105 

-0114 


— 

— 


— 

- 

— 

— 

- 0-111 

— 

— 


— 

- 0*111 

— 

- 0 T 13 



— - 0*105 


9 

10 

11 

12 

13 

14 
16 
18 
19 
25 
28 
32 
35 


— 

— 

-0113 


- 0*116 


— 

— 

— 

- 0*105 




— 

— 

- 0*114 

— 

- 0*115 

_ 

— 

— 

— 

— 

— 

- 0*114 

— 

— 

— 

- 0*107 

— 


— 

— 

- 0*114 

— 

T— 

- 0-116 

— 

— 

— 

- 0-107 

— 


— 

— 

— 

- 0*108 

— 



— 

- 0*113 

— 

— 


— 


— 

- 0 -in 

_ 


— 


— 

— 

— 

- 0-116 

— 

— 

— 

- 0*113 

— 

— 

— 

— 

— 

- 0-112 

— 

— 


It is evident that reference to Fig. 1 can interpret satisfactorily the 
initial values given by the different electrodes, bub gives no explanation 
of the reason for the very different rates of ageing at 17° of samples 
oj copper oxide which have been heated to different temperatures. It 
has been seen that oxide which has been heated to 1000° alters slowly 
and regularly, that oxides which have been prepared at temperatures 
of 700 — 800° age at varying speeds, and that oxides heated only 
to 350° or below alter very slowly indeed. It is probable that these 
differences are due to variations in the nature of the surface of 
the material or to similar causes, but more it is impossible to say. 
Apart from this point, if the view developed here that the changes 
observed during ageing are the result of polymerisation be accepted as 
correct, it is obvious that electromotive measurements may prove to be 
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a very valuable method for the investigation of the molecular 
complexity of certain solid substances. , 

It should be mentioned here that Immerwahr (Zeitsch. Elektrochem ,, 
1900-1, 7, 477), Johnson {Trans. Amir . Electrochsm. Soc. f 1902, 1, 
1S7), atl< ^ Lorenz and Hauser {Zeitsch. anory. Chem 1906, 51,81) 
have all worked on electrodes of the type Cu j CuO alkali, which, 
however, have been shown by the author to be unstable, owing to 
cuprous oxide formation. It is interesting to note that Immerwahr 
found that oxide prepared from copper nitrate gave much more 
negative values than oxide prepared by precipitation from hot aqueous 
solution by alkali. 


Calculat ions of Affinity Values. 

We are now in a position to understand the relationships to one 
another of cupric hydroxide and cupric oxide. We havo the following 
three potential differences at 17° : 

pt I Cu0 tf-NaOH- +0 068 volt. 

1 Cu 3 0 

(Calculated approximate 
probable value) 

Pt j ^(HO) s ( cr ysUlIm e )^_ Xa0[[ = 0 . 0?4 vo]t 

Pt | Ctt0 A'-NaOH = -0154 volt. 

The change [Ou<HO),] [CuO] + [H,0]. 

(Crystalline) (Fresh) (Liquid^ 
absorbs 96540 x [0-068 - ( - 0 074)] joules 
= 96540 x 0*142 
= 13700 joules. 

The change [Cu(HO)J [CuO] + [H*0]. 

(Crystalline) (Stabilised) (Liquid) 
uives out 96540 x f — 0*074 — ( — O' 154)1 joules. 

= 96540x0*08 
= 7720 joules. 

If, however, the stabilised copper oxide is prepared directly from tbe 
cupric hydroxide, fresh solid cupric oxide, not an aqueous solution, being 
the intermediate stage, we are dealing with two successive reactions : 
(a) reversible formation of fresh [CuO], absorbing 13700 joules, and (6) 
irreversible formation of stabilised [CuO], giving out 21420 joules ; 
and dehydration cannot set in except when the aqueous vapour 
pressure of the system is kept below 0*1 mm. Then it will take 
place very slowly, its rate being determined by that of the reaction : 

OuO (fresh) CuO (stabilised). 

When, however, the change Ou(HO ) 2 — > OuO(stabilised) + H 2 0 has 
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an opportunity of taking place without the^Urmediate fui illation 0 f 
“fresh” cupric oxide, it will set in. This Will happen, for example 
if the cupric hydroxide is treated with some solvent, such as ^ 
ammoniacal or alkaline solution, when the rate of reaction will depend 
on the concentration of the electrolyte, increasing with it. The 
saturated solution of cupric hydroxide is un saturated with respect to 
the non-polymerised “ fresh ” cupric oxide, ?but supersaturated with 
respect to the polymerised “aged” cupric oxide, and this will 
settle out. 

From the data contained in this paper and in the author’s previoug 
publication, we can calculate the free energy of the reaction : 

rcui + rcuO] — y [Cu 8 oi. 

(Stabilised) 

If one faraday is furnished by the combination 

Ft | CuO (stabilised) ^ c 0 ( c 
| (Ju 2 0 2 ' * 

■< 

Current in cell 

the total chemical effect will be given by the above equation. 

Now we know that Cu | Cu 2 0 jV r -NaOH = - 0‘344 volt 

and Pt I CuO(aged) A . NaOH; _ _ 0 .j 54 dt 

| Cu 2 0 

therefore the E.M.F. of the above combination is 0T90 volt, and 
the free energy change of the reaction concerned 

96540x019 , 

4T9 — calories 

= 4370 calories. 

The total energy of the same reaction, ealorimetrically determined, 
is 3600 cals. It should be noticed that, whereas the free energy 
change is deduced for cupric oxide which has become stabilised at the 
ordinary temperature, the value of the total energy change used holds 
for copper oxide which was very probably not stabilised when worked 
with. The two values are therefore not strictly comparable. It is 
not, however, likely that the irreversible molecular changes due to 
polymerisation or depolymerisation at constant temperature are bound 
up with changes of any magnitude in the total energy of the substance 
concerned. 

This view is borne out by the fact that it is possible to calculate 
with considerable accuracy the dissociation pressure of cupric oxide at 
high temperatures from electromotive measurements carried out at the 
ordinary temperature (seo the ensuing calculations), making use of the 
ealorimetrically determined value of the total enerfcy change, and 
assuming it to be constant over the whole teinperamire raDge. By 
the author’s conception, the molecular complexity of tke cupric oxide 
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is suppose^ to Qbange e sf& gtially with the alteration in temperature. 
If this is accompanied ojrany Ynarked change in total energy, such 
calculations would not be possible. 

Let us next consider the element 

n | 0»O( 8 tebilised) alkali H j pt 

< Current in cell 

- 4 - — — 

J.t can be regarded as a H 2 -0 2 cell in which hydrogen at atmospheric 
pressure combines with oxygen furnished at the dissociation pressure 
of cupric oxide at the temperature in question, and from our data we 
can calculate this dissociation pressure. 

We know that, at 17°, 

Pt I ^0 (Stah " leed) ^-NaOH = -O’l 54 volt 
Pt | H 2 .V-NaOH = - 0-810 volt. 

Hence the E.M.F. of the above cell at 17° is 0*656 volt. 

Putting the E.M.F. of the H 2 -0 2 cell at 17° at 1*232 

we get : 

0-656 = 1-232 + 2^5? log po* 

whence log p 0i = - 39*7 = 40*3, and p 0 „ at 17° for 4CuO — > 2Cu 2 0 + 0 3 , 
= 2 x 10 ~ 40 atmospheres. 

By the use of the simple formula (26) given on p. 69 of Haber’s 
Thermodynamics of Technical Gas Reactions , we can also calculate the 
dissociation pressures of cupric oxide at higher temperatures. 

Putting in 4 = 0, T~ 290°, R = 2, Q= 67200, Jo g.po* =* - 39-7, 
we get : k= - 48*9. 

If we now extrapolate to 1030° (1303° abs.), we obtain 
log ?o 2 = 1*42, 

or po 3 at 1030° for 4CuO 2Cu 2 0 + 0 2 

= 0*26 atmosphere 
— 200 mm. 

Experimental determinations by Wohler and Frey {Zeitsch. Elektro* 
chem,, 1909, 15, 34) and by Foote and Smith (*/. Ajner. Chem. Soc. t 
1908, 30, 1344) give 170 — 180 mm, at 1030°. The coincidence falls 
within the limits of experimental error as far as the electrometric 
measurements are concerned, and is much better than coxild be 
expected, taking into consideration the approximate nature of the 
calculation involved. This agreement affords additional support to 
the correctness of the figure - 0*151 volt for the equilibrium value at 

17° of the electrode potential Pt J W-NaOH. 
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If, on the other hand, we calculate the dissociation pressure 0 f 
cupric oxide at the two temperatures mentic^ed from purely thermal 
data by means of Nernst's well-known formula : 

(1< t P0 * = 4iA- +1 ' 751og - :r+2 ' 8) ’ 

we get at 170° : po = 2*5 x 10" 44 atmosphere 
at 1030°: po 2 — 0 66 mm. 

In both cases the values are far too low, bub the discrepancy is 
considerably greater at room temperature than at 1030°, 

We can also calculate the free energy changes (d) for several other 
reactions. We know that at 17° : 

(i) A for [HJ + J[0J [H 2 0] - 2 x 1-232 x 96540 joules. 

(atmospheric (atmospheric (liquid) 
pressure) pressure) 

(ii) A for [Cn 2 0] 4- [H. 2 ] — 2[Cu] 4- [II z O] = 2 x 0-460 x 

(atmospheric (liquid) 96540 joules, 

pressure) 

(iii) A for 2[CuO] 4- [H g ] — ^ [Cu 2 0] + [H a O] = 2 x 0 ‘65 6 x 

(stabilised) (atmospheric (liquid) 96540 joules, 

pressure) 

By subtraction we get : 

(iv) A for 2[Cu] + |[0 2 ] [Cu 2 0] = 2 x 0-763 x 96540 joules 

(atmospheric = 35200 calories, 

pressure) 

(v) A for [Cu 2 0] 4- J[0 2 ] — > 2[CuO] = 2 x 0*576 x 96540 joules 

(atmospheric (stabilised) = 26500 calories, 

pressure) 

(vi) A for [Cu] + |[0 2 ] — ^ [CuO] = 1-339 x 96540 joules 

(atmospheric (stabilised) = 30850 calories, 

pressure) 

With (iv) and (vi) we can comparo the corresponding total energy 
changes. These have been calorimetric-ally determined, and gave: 

(iv) 2[Cu] + £[0 3 ] (atmospheric pressure) = [Cu 2 0] 4- 40800 cals. 

(vi) [Cu] + J[0 2 ] (atmospheric pressure) = [CuO] 4* 37200 cals. 

In conclusion, a few remarks may be made concerning a phenomenon 
noticed by Wohler in his studies of the thermal dissociation of oxides 
of copper, palladium, platinum, and iridium (Z?er., 1903, 36, 3475; 
Zeilsch, Elektrochem ., 1905, 11, 836; 1906, 12, 781 ; 1908, 14, 97; 
1909, 15, 34). It was sometimes observed that the equilibrium 
oxygen pressure of a sample of oxide kept at cons 1 ant temperature 
did not remain constant, but gradually fell. As the oxides in question 
were partly decomposed under the conditions of measurement, he 
attributed this drop in pressure to solid solution formation setting m 
between the still tmdecomposed oxide and its solid reaction product. The 
probability of this explanation being the true one cannot be gainsaid, 
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but some of his experiments on cupric oxide were also carried out with 
samples of material which were kept under an excess oxygen pressure 
until the first reading was taken, and where very little opportunity of 
cuprous oxide formation was consequently presented. In spite of that 
fact, high initial values which rapidly fell were noticed, and these 
values did not represent states of equilibrium as the later ones 
obtained did, that is to say, if the pressure were slightly increased or 
decreased, it did not adjust itself again to its original value. Wohler 
attributed these pressure changes also to solid solution formation, due 
to the minimal amounts of cuprous oxide produced, in which case the 
dissociation pressures of pure cupric oxide would lie higher still. It 
is quite possible, however, that they may be due to two other causes, as 
follows : 

(1) High initial dissociation pressures given by the finest of the 
copper oxide particles present, fn two samples of oxide microscopic- 
ally examined by the author, one, prepared from copper nitrate, proved 
to have a large number of particles down to 1 — 2/x in size, and the 
other, made from copper hydroxide by dehydration with ammonia at 
25°, consisted to a great extent of particles of dimensions less than 
0'5g. In both cases the solubility in aqueous solutions of the particles 
would be affected by their size ; and Schoch [Amer. Chem. 1903, 29, 
319} has further shown, experimentally, that the initial dissociation 
pressure given by yellow mercuric oxide, with its large proportion of 
very finely-divided material, greatly exceeds for that reason the 
pressures given by the red oxide, or by the yellow oxide which has 
been heated for some time. 

(2) According to the conception which has been used to explain the 
experimental results of this paper, freshly prepared copper oxide will 
always contain an excess of the less complex molecules, and will there- 
fore have a higher dissociation pressure than a copper oxide in which 
the different molecular species have come to equilibrium. This 
circumstance may be the cause of the lowerings of pressure 
mentioned. 

It is also possible that the same cause may bring about the very 
rapid fall of the initial dissociation pressure which was sometimes 
noted by Wohler during his experiments with iridium dioxide. They 
were ascribed by him to the presence of the unstable iridium 
sesquioxide. 

In any case, isolated examples apart, the variations in potential 
shown by an electrode system containing samples of copper oxide 
which have been subjected to varying thermal treatment must, 
undoubtedly, have their counterpart in variations in oxygen dissocia- 
tion pressures determined at higher temperatures ; and under suitable 
experimental conditions, there is no doubt that such effects could be 
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isolated and studied. If not a'voidec^they will certainly seriously 
affect dissociation and affinity measurements, although less so than at 
low temperatures, owing to the more rapid setting up of equilibrium. 

It will perhaps be objected that the possibility of solid solution 
formation is not excluded from the author's measurements. The 
likelihood of such a complication is very small. None of the copper 
oxides worked with could be affected before measurements were 
started — they were never heated above 1000°, at which temperature 
their dissociation pressure is less than 100 mm., and particular care 
was taken thoroughly to ignite those samples which were made from 
cuprous oxide. We should need some positive evidence before 
admitting the possibility of the formation of solid solution during the 
measurements, at such a low temperature, and with the very small 
Cu” and Cu* ionic concentrations in the electrolyte. Moreover, the 
different initial values given by different samples of oxide would not 
be thereby explained. 

Summary of Results. 

(1) Freshly prepared cupric oxide ages with time, and its free 
energy content thereby falls. 

(2) This ageing is attributed to increasing molecular complexity, 
not to crystallisation or to surface changes. 

(3) The explanation given accounts qualitatively for the electro- 
motive behaviour of samples of copper oxide which have been subjected 
to varying thermal treatment, and may perhaps cast some light 
on phenomena noticed in the determination of dissociation pressures of 
certain oxides at higher temperatures. 

(4) By means of tensimetric and electrometric measurements, it has 
been shown that crystalline cupric hydroxide is stable with respect to 
freshly prepared cupric oxide, and unstable with respect to old samples 
of cupric oxide. 

(5) The decreases of free energy involved in the following reactions 
have been measured or calculated for 17°. 

. (i) [Cu(HO)J -■> [C.iO] + [H 2 0]. 

/ (fresh) (liquid) 

■■ (ii) [CuO] — >- [CuO] (irreversible). 

(fresh) (stabilised) 

(iii) [Cu] + [CuO] — >- [Cu 2 0]. 

(stabilised) 

(iv) 2[Cu] + ?[0 2 ] — >- |Cu 2 0]. 

\ (atmospheric 
pressure) 

(v) [Cu] V 4[OJ -> [CuO]. 

(atmospheric (stabilised) 
pressure) 
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(6) The dissociatioa pressure of cupric oxide at 1030° has been 
calculated and found to agreo satisfactorily with, experimental 
results. 

The author wishes, in conclusion, to offer his sincere thanks to 
professor Dorman for advice and criticism received during the progress 
of this work. 

Muspratt Laboratory, 

University or Liverpool. 


LXII. — Solubilities Beloiv and Above the Critical 
Temperature. 

By Dan Tyrer. 

It was first observed by Han nay and Hogarth in 1879 {Chem.. UTewe, 
40, 256) that a solution of a salt, when heated to a temperature above 
the critical point of the solution, does not necessarily deposit the 
dissolved salt on the disappearance of the liquid phase. They showed," 
for example {Chem. A r «w«, 1880, 41, 103) that a solution of potassium 
iodide in ethyl alcohol could he heated to a temperature of about 100° 
above the critical temperature of the solution without the deposition 
of the dissolved salt. 

Pictet ( Compt . rend., 1895, 120, 26) heated solutions of borneol, 
cineol, and terpineol in ether to temperatures above the critical point 
without the precipitation of any of the solute. 

P. 'Villard {Chem. News, 1898, 78, 297, 309) found that easily 
volatile solids, like iodine and camphor, will dissolve appreciably at 
the ordinary temperature in compressed gases, such as oxygen and 
methane. 

Centnerszwer and Tetelow ( Zeitsch , Elektrockem., 1903, 9, 799) 
have made some interesting experiments on the solution of anthra- 
quinone in liquid sulphur dioxide ; they found that if a certain 
quantity of anthraquinone is heated in a sealed tube with a particular 
quantity of liquid sulphur dioxide, the following phenomena occur : 

(1) The liquid expands and then diminishes in volume, owing to 
evaporation, until all the liquid just disappears at temperature t v 

(2) As the temperature rises further, the quantity of anthraquinone 
left undissolved diminishes, and then liquid reappears at- temperature 

h- 

(3) The solid anthraquinone passes entirely into solution in the 
liquid at temperature 
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(4) The liquid phase finally disappears at temperature t 4 . 

Obviously in the above, the solubility of the anthraquinone in the 
vapour of the sulphur dioxide increases with rise of temperature 
Centnerszwer and Tetelow made a few measurements of solubility in a 
mixture of the liquid and vapour of the sulphur dioxide, but the 
results are not of much interest here. The solubility would be due to 
a large extent to the mere mechanical mixing of the vapour of the 
anthraquinone with the sulphur dioxide. 

s The above experiments show clearly that the phenomenon of solution 
is not peculiar to the liquid state, but, under certain conditions, the 
vapour of a liquid may dissolve solids in the same manner as a liquid 
solvent. 

As no quantitative measurements of such solubilities seem to exist, 
it appeared to bo of interest to make some determinations. In 
commencing this work I had the following objects in view : 

(1) To determine the solubility of soinG non volatile salts in liquid 
solvents from the ordinary temperature to the critical point. 

(2) To continue the solubility curve through and beyond the 
critical point, and to find if there were any discontinuity at tho critical 
point. 

(3) To determine the solubility in the vapour above the critical 
point under different conditions of temperature and density of the 
solution. 

Method of Experiment. 

There seems to be only one practicable method of determining 
solubilities at high temperatures near the critical point. This method is 
the indirect one of starting with a mixture of the solvent and solute in 
known proportions and determining, by slowly raising the temperature, 
the minimum temperature of complete dissolution. Obviously this 
method is most accurate when there is a moderate change of solubility 
with change of temperature, and least accurate when this change is 
very small. The efficiency of the method does, of course, depend 
largely on the general efficiency of the apparatus and details of 
working. 

Apparatus. 

The sealed tubes containing the mixture of solute and solvent were 
heated in a specially constructed, electrically heated air-bath. This 
consists (see Fig. 1) of a series of cylinders, A , 72, C , aud I), made 
of sheet-iron. The cylinder C is wrapped closely with thin iron wire 
(diameter 0*5 mm.), which conducts the current and beats the bath, ft 
is insulated from the metal cylinder by a wrapping of asbestos paper 
The heat radiates first to cylinder F, and then to a thick (£-inch) 
iron cylinder E, in which fits closely, but loosely, another iron cylind er 
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F, of the same material. Through aU the cylinders are cut two pairs 
of opposite windows. By the handle at the side, the innermost cylinder 
/, can be turned and the windows shut off. This serves the double 
purpose of keeping the temperature in the interior more uniform, and 
also of protecting the apparatus from damage by a bursting tube. On 
to the ends of the cylinder, F, can be screwed thick iron caps, through 
one of which passes a thick iron tube, T, which carries a thermometer. 
Tlie sealed glass tubes are held in the interior by a clip to the tube T t 


Fio. 1. 



and the ends of the sealed tube are visible through the windows. The 
tube T can, moreover, he raised or lowered by a screw, and thus 
any portion of the sealed tube brought into view. To prevent external 
loss of heat as much as possible, the space between cylinders A and B 
is packed with asbestos wool, aud the windows in these cylinders are 
fitted with panes of glass. The terminals of the heating wire are 
brought to two insulated copper cylinders, X, X', forming sliding 
contacts with thick brass wires through which the current is brought. 
The ends of the outermost cylinder, J, are covered by sheet-iron 
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plates, to which are fastened disks of asbestos board. The whol e 
apparatus is mounted on stands, and rotated on the pivots by meaDsof 
a small mbtor attached by a rope to -the pulley P. This serves the 
double purpose of agitating the liquid and salt inside the sealed tube 
and of destroying convection currents of air in the interior of the 
bath and thus ensuring uniformity of temperature. 

This bath gives very good results. By varying the external 
resistance to the current, the temperature can be varied from the 
ordinary temperature to 400°, or can be maintained constant for any 
length of time to 0*1° at low temperatures and to about 0*3° at high 
temperatures (350°). 

The sealed tubes were made from glass tubing, the thickness of the 
walls of which varied from about 2*0 mm. to 4 mm. The capacity of 
the tubes was, on the average, about 30 c.c. The strength of sealed 
tubes depended largely on good clear glass free from surface scratches 
and, of course, on the thickness and diameter. Tubing more than 
4 mm. thick, and of a moderate diameter, was inconvenient to work in 
the blow-pipe flame. 

The thermometers used were mercury thermometers reading to 0*1°, 
but at high temperatures it was not found practicable to read to less 
than 0*25°. They were carefully graduated by comparison with a 
standard thermometer. 

It was found necessary in preparing the tubes to introduce 
particular quantities of the solvent and solute, so as to give a particular 
percentage concentration when saturated. Direct weighing of the 
solvent became, on this account, impracticable, and the solvent was, 
therefore, run out of a very carefully graduated burette consisting of 
a narrow tube with capillary exit-tube, which could be projected into 
the open end of the tube that was being prepared. In reading 
the volume of the solvent added, correction was made for room 
temperature. 

Sodium Iodide and Ethyl Alcohol. 

The sodium iodide was purified in the ordinary way by recrystallisa- 
tion from a mixture of distilled water and alcohol. The last traces of 
moisture were removed by placing the partly dried salt in a bulb- 
tube and heating in a current of air until constant in weight. 

The ethyl alcohol was commercial “absolute ’* alcohol, from which 
the last traces of water were removed by repeated treatment with 
sodium followed by fractional distillation. In order to prove that no 
reaction took place between the sodium iodide and the alcohol at 
a high temperature, a solution containing a known weight of sodium 
iodide was heated in a sealed tube to 300° for several hours. After 
cooling, the contents of the tube were analysed, when the original 
quantity of sodium iodide was found to be present. 
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The sealedP^Clb^.Tf^e prepared as follows : A selected piece of glass 
tubing was Carefully and thickly scaled at one end, and drawn out to 
a narrow constriction a few inches from the other end. The capacity 
of the tube was then ascertained by running in mercury from a 
burette to a point in the constriction whore the tube was subsequently 
sealed off. The tube was then cleaned and dried, and the requisite 
amount of sodium iodide added from a weighed bulb-tube having 
a long tube as neck, which was projected into the open end of the 
tube being prepared. To prevent an explosion in the tube between 
the air and the alcohol vapour when sealing off, the air was displaced 
by dry carbon dioxide. ,As a rule, the tubes were not evacuated, 
except those heated to the higher temperatures. The presence of 
a small quantity of carbon dioxide was found, by blank experiments, 
not to affect the solubility to any measurable extent. Tne requisite 
amount of alcohol was then added from the burette, and the tube then 
sealed off at a point in the constriction. 

In preparing a tube for a determination of the solubility in the 
liquid at a. high temperature, where the density of the vapour is quite 
appreciable, it was necessary to add such an amount of alcohol that 
by thermal expansion the amouut of liquid existing in the state 
of vapour at the temperature of the determination would be 
negligibly small. 

To a certain point it was found that the solubility increased with 
rise of temperature, and in determining a minimum temperature 
of dissolution within this range, the temperature was first raised 
quickly and a rough idea of the dissolution temperature obtained. 
Then the tube was cooled to about five degrees below this point, 
and raised very slowly with constant rotation of the bath until 
the point was found at which the last trace of salt just dissolved. 
The whole experiment required, on the average, between four and 
five hours. 

At a higher temperature the solubility was found to decrease with 
rhe of temperature, and in this case the temperature was raised 
quickly until some salt separated from the solution. The temperature 
of dissolution was then found as before, but by cooling instead 
of heating. 

If the amount of alcohol added exceeded a certain critical quantity, 
then before the critical temperature was reached the solution 
expauded and filled the tube completely. At this point there 
was a break in the curve and a new curve began. Similarly, if the 
amount of alcohol added fell short of this critical quantity, the liquid 
would diminish in quantity, and, finally, all be vaporised before the 
critical point was reached. Again, there was a break in the solubility 
curve, and a new curve of solubility in the vapour began. 
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Results. 

The numerical results of the solubility of sodium iodide in liquid 
alcohol from the ordinary toraperature to the critical point are <n Ven 
in the following table. The values are calculated from a carefully 
drawn and smoothed curve of the experimental results, which are 
indicated in Fig. 2. 

Fig. 2. 


Solubility of sodium iodide in ethyl alcohol from, ordinary temperature to temp. ti l(res 
above the critical point. 



Solubility of Sodium Iodide in Liquid Ethyl Alcohol from the Ordinary 


Temperature to the Critical Point. 



Solubility. 


Solubility. 


Parts by weight of 


Parts by weight of 


sodium iodide dissolved j 


sodium iodide dissolve! 

Tempera 

- in 100 parts of ethyl 

Tempera 

• in 100 parts of ethyl 

lure. 

alcohol. 

tore. 

alcohol. 

10° 

43*77+0*04 

220° 

38*5+0*3 

30 

44*25+0*10 

230 

36*2+0-4 

50 

44 *50 +0*05 

240 

32*7 ±0*4 

80 

45*0 ±0*1 

250 

26-2+0*5 

100 

45*1 +0*1 

255 

21 -0 + 0 -8 

120 

45*2 +0*1 

260 

10 -8+ OS 

160 

45 0 +0*2 

261 *5 

8*6 + 0*05 

180 

44*3 +0*2 

j (Critical temperature 

200 

42*3 ±0*3 

1 of solution} 


The probable accuracy of the numbers is appended. From 250° 
to 261*5° there is an enormous fall in the solubility, and the accuracy 
of the deter rhinations in this range is much impaired on this account. 
The point at which the meniscus of a saturated solution just dis" 
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appears is 261*5°, This, it will be noticed, is very considerably 
higher than the critical point of the pure solvent. On reference to 
the curve (Fig. 2) it will be noticed that the solubility increases 
with rise of temperature to about 140°, and then decreases, at first 
slowly and then more rapidly, until the curve becomes almost vertical. 

261*5° the liquid phase ceases to be distinguishable from the 
vapour, and here there is a break in the solubility curve. This 
discontinuity is more apparent than real, as will be pointed out later. 
In order to show the phenomenon of the slow disappearance of the 
meniscus, a tube of given volume must contain approximately a 
definite amount of solvent. The amount of solvent contained in a 
tube of given volume is expressed in terms of the concentration of the 
solvent when all the liquid has disappeared, that is, the amount of 
solvent contained in unit volume. The critical concentration was 
found to be 0*365, but this figure is only approximate, as the point is 
very indistinct, concentrations of 0*370 and 0*360 both giving the 
critical phenomenon of the slow disappearance of the meniscus. If 
the concentration of the solvent exceeds 0*365 gram per c.c., the 
liquid will expand and fill the tube entirely. If the concentration of 
the solvent is, for example, 0*45 gram per c.c,, the saturated solution 
will just fill the tube completely at 255°, and at this point there is a 
break in the curve, and, on continuing, the almost horizontal curve 
indicated is obtained. Similarly, a solution of concentration of the 
solvent of 0*4 gram per c.c. fills the tube completely at 259°, and 
another curve branches out, which it will be noticed has a smaller 
gradient than that of concentration 0 45. The critical curve of 
concentration 0 365 slopes still lesB. If now the concentration of tho 
solvent is below the value 0 365, the liquid boils away before the 
critical point is reached. If, for example, the concentration is 0T 
gram per c.c., the liquid just completely evaporates at 242°, and then 
there is a drop in the solubility from 31*9 per cent, in the liquid to 
about 0*5 per cent, in the vapour. Temperature up to about 325° has 
no measurable influence on the solubility in the vapour of this par- 
ticular concentration. A solution of concentration of the solvent of 
0*2 gram per c.c. also gives a curve parallel to the abscissa; the curve 
of concentration 0 3 has a very slight gradient. 

The numerical results of the solubility in the vapour at varying 
conditions of temperature and concentration are given in the following 
table. The numbers express parts by weight of sodium iodide which 
dissolve in .100 parts of ethyl alcohol. 


T T 


VOL. XCVII. 
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Solubility of Sodium Iodide in the Vapour of Ethyl Alcohol uhove Ikt 
Critical Point, 


Tempera- 
te* 0-1 ' 

0*2 

Concentration of the Solvent. 

0-3 0-365 0'4 

0*45 

0-4S 

262° 0*5 + OT 

2-1 + 0-1 

5-1 +0*05 

8-6+0*05 

11*6+0*1 

17-3 + 0-2 

21*6+0 

270 


5 1 

8-35 

11*5 

17'0 


280 

, 

5*0 

8-2 

11*0 

16-5 


290 

,, 

4*9 

8-0 

10-5 

— 


300 

,, 

4-8 

7*7 

10-2 

— 

_ 

310 „ 

„ 

4-7 

7-5 

9*7 

— 

— 


The above figures arc calculated from the smoothed curves of 
observed results. The probable accuracy in the first series at 262° is 
appended. The accuracy of the remaining numbers is only com- 
parative, that is, it depends on the accuracy of the first series. 

Determinations in the vapour were very difficult to make. Owirw 
to the homogeneity of the solvent above the critical point, the mixing 
of the solvent and solute was less efficient than in the liquid state, 
where the solvent was not wholly homogeneous. The salt had, more- 
over, a peculiar aptitude for'crystallising on the sides, but this difficulty 
was largely overcome by placing in the tubes small pieces of platinum 
foil, which, falling up and down the tube, assisted the dissolution. It 
was found that the process of dissolution in the vapour was much 
accelerated by keeping the temperature at the point at which the 
liquid disappeared, so that the undissolved salt remained moist, and the 
saturated liquid solution would completely evaporate without deposi- 
tion .of the dissolved salt. The following way of testing whether the 
solution in the vapour was saturated or not proved very useful. If 
the bath were kept vertical for a short time, the upper part of the 
tube would become slightly hotter than the lower part, with the result 
that, the vapour within the tube would expand locally, and, if saturated, 
would deposit a thin, crystalline film of salt on the sides of the hotter 
portion of the tube. Indeed, it was possible in this manner to distil 
the solid salt from one portion of the tube to another. It was found 
impossible to continue the determinations above about 310°, for, in 
order to ensure a fair degree of accuracy, it was necessary to use fairly 
large tubes, so as to hold moderate amounts of the solvent and solute, 
and with increase in size of the tube, the strength decreased. 

The curve of solubility in the vapour at 26*2° showing, the relation 
between solubility and concentration of the solvent is given in 
Fig. 3. 

to will be noticed that the solubility diminishes regularly with 
decrease of concentration, becoming practically zero at a concentration 
of about 0*05 gram per c.c. 
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Potassium Iodide and Methyl Alcohol. 

The potassium iodide was purified by recrystallisation, and com- 
pletely freed from traces of moisture by heating in a bulb-tube in a 
current of air until constant in weight. The methyl alcohol was the 
commercial K absolute ,5 alcohol, which was freed from last traces of 


Fig. 3. 

Solubility curve of sodium iodide in vapour of ethyl alcohol at 262°. 



water by keeping it over excess of anhydrous copper sulphate for a 
fortnight, and then fractionally distilling. A sample, kept for months 
afterwards in a sealed tube with a little anhydrous copper sulphate, 
did not affect the colour of the latter, although it dissolved a little to 
a blue solution. The general method of investigation was the same 
as in the previous case, and it is ouly necessary to give here the 
the numerical results and curves. No reaction was found to take 
place between potassium iodide and methyl alcohol even at 300 . 


T T 2 
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Solubility of Potassium Iodide in Liquid Methyl Alcohol from the 
Ordinary Temperature to the Critical Point.. 


Tempera- 

Solubility. 

Parts per 100 of 

Tempera- 

Solubility. 
Parts per 100 of 

ture. 

methyl alcohol. 

ture. 

methyl alcohol. 

15° 

14- 50 ±0*05 

200° 

291 + 0-2 

30 

16‘20±0*05 

220 

27-5 + 0-2 

50 

18-9 +0*06 

240 

24-8±0-3 

80 

22*5r+0‘08 

245 

22*6 + 0*5 

100 

. 25 ‘0 +01 

* 247 

21-0 + 0-5 

120 

27*2 +01 

1 250 

13*8 ±0-6 

140 ' 

29 ‘2 +015 

252-5 

7 *6+0-1 

160 

306 +0-2 

(Critical temperature 

180 

307 ±02 

i of saturated solution) 


Fit; 

4. 



Solubility curve of potassium iodide in methyl alcohol from ordinary temperature 
to 310°. 



Temperature. 


The above figures are calculated from a smoothed curve of 
experimental numbers. The probable accuracy is appended. The 
critical concentration of the solvent was found to be about 0*36, but 
this point is even more indistinct than in the previous case. The above 
results are shown graphically in the curve in Fig. 4. It will be seen 
that the solubility first increases to about 170° and then decreases. 
The rate of decrease during the range 240 — 250° is exceedingly great. 
The rest of the curve will be easily understood from the explanation 
given in the case of sodium iodide and ethyl alcohol. 

The numerical results for the solubility in the vapour are given in 
the following table. 
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Solubility of Potassium Iodide in Vapour of Methyl Alcohol above the 
Critical Point. 


Tempera- Concentration. 


ture. 

01 

0-2 

0-3 

0*36 

0-4 

0-45 

252° 

<0*3 

l'OdbO’05 

S‘7+0‘1 

7 *6 + 0*1 

11*8+0*1 

18*1 + 0*2 

270 

— 

,, 

3'5 

7*4 

11*5 

— 

280 

— 

,, 

3-4 

7 ‘3 

11*3 

— 

290 

— 

,, 

3-4 

7 2 

11*0 

— 

300 



3-3 

7 0 

— 

— 


The above figures represent the solubility in parts by^ weight 
dissolved in 100 parts of the solvent. 

The accuracy of the numbers beyond the first series is dependent on 
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the accuracy of the numbers in the first series ; the relation between 
the solubility in the vapour at 252° and the concentration of the 
solvonfc is shown in the curve in Fig. 5. The curve is similar to that 
obtained in the case of sodium iodide and ethyl alcohol. 

Discussion of Results. 

The first and most interesting point to notice is that the solubility 
in the vapour is a function of concentration of the solvent. An 
extension of this idea to the liquid state explains the very great and 




632 JONES AND WHITE: A SUPPOSED CASE OF 

rather sudden fall of solubility in the liquid just below the critical 
temperature. For over this range the rate of expansion of ^ 
solution is very much greater than at lower temperatures. It a j so 
explains the apparent discontinuity in the solubility curve at the 
critical point, for just previous to the critical point the solvent has 
been undergoing a great decrease in concentration, and when this point 
is reached this decrease, of course, stops and the concentration of the 
solvent remains practically constant (the slight expansion of the g]* asg 
being neglected), with the result that the solubility remains nearly 
constant. If we imagined the concentration of the solvent to decrease 
past the critical point at the same rate as before, and if wo plot the 
solubilities for the concentrations thus obtained, we get no discontinuity 
at the critical point, hut a perfectly uniform curve. 

The second point to notice is that the solubility in the vapour 
decreases with rise of temperature, although the concentration remains 
constant, and, further, that this decrease is greater for the greater con- 
centrations of the solvent. This would suggest the formation of 
hydrates in the solution which dissociate under the influence of heat. 
If the process of solution is due to an attractive force between the 
molecules of solute and solvent, then we should expect, as is here 
found to be the case, that the solubility at constant temperature would 
vary directly with the concentration of the solvent. 

In conclusion, I desire to express my thanks to Prof. H. B. Dixon 
and Dr. A. Lapworth for much kind advice and interest taken in 
the work. 

The Chemical Department, 

The University, 

Manchester. 


LXIII . — A Supposed Cose of Stereoisomer ic Tervalent 
Nitrogen Compounds. 

, By Humphrey Owen Jones and Edward John White. 

In 1896 (Her., 29, 1462) von Miller and Plocbl described two 
isomeric compounds, C 12 II 17 ON, obtained by the interaction of 
m-4-xylidine and acetaldehyde in dilute hydrochloric acid solution : 
these differed in crystalline form, melting point, solubility, and 
stability. The more soluble and more fusible form, melting at 
102^, hereinafter called the a-form, was partly converted into the 
/3-form, melting at 131°, by crystallisation from solvents, by solution 
in acids, or by heat. Both compounds gave the same oxime, benzoyl 
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derivative, and condensation product; (C 10 H J3 N) 2 , with xylidine, 
also the same 2:6: 8-trimethylquinoline was obtained from both. 

The two isomeric compounds were therefore considered to have the 
same structural formula, namely, C G H 3 Me 2 'NH*CHMe*CH 2 *CHO, 
and it was suggested that they differed only in the disposition of 
the three groups around the tcrvalent nitrogen atom. 

It is remarkable that the observations on this interesting case 
of isomerism have not been extended, especially on account of its 
important bearing on the stereoisomerism of nitrogen. 

The present paper contains a short account of a re-investigation 
of these compounds, and of the preparation of similar compounds 
from other amines. 

The method of preparation has been improved, and it has been 
found that 'the properties of the compounds agree generally with 
those described by Miller and Plochl, but with the important 
difference that neither isomeride is transformed into the other by 
the action of solvents or of heat. This fact renders the hypothesis 
of stereoisomerism untenable, but the nature of the isomerism is 
still a problem of general interest. 

Although no transformation is effected by heat or inert solvents, 
it is brought about readily by the action of acids. In dilute acid 
solution the a- and /3-forms are converted into the same equilibrium 
mixture, consisting of approximately two parts of the a- to one 
part of the /3-compoimd, which is also the composition of the 
mixture obtained in the preparation of the substances in the first 
instance: this equilibrium mixture in acid solution changes into 
2:6: 8-trimethyl quinoline, slowly at the ordinary temperature, and 
rapidly on heating. 

In addition to yielding the same oxime, benzoyl derivative, and 
condensation product with xylidine, the two isomerides gave the 
same benzylphenylhydrazone and the same methyl derivative, 
C r) H 3 Me 2 -NMe-CHMe«CH,-CHO. 

The only difference in chemical properties which the two com- 
pounds have been found to exhibit is in their behaviour towards 
hydrogen chloride and towards nitrous acid. When a solution of 
the a- or jB-compound in ether or benzene was treated with hydrogen 
chloride, a compound of the composition C 12 H 17 0N,HC1 was pre- 
cipitated in each case; that from the a-form melts at 85°, whilst that 
from the /8-form melts at 135 — 136°, and is identical with the 
product obtained by the action of aqueous hydrochloric acid. 

The difference in the products of the interaction of the two 
compounds and nitrous acid is remarkable; both compounds 
yielded a non-basic substance which gave Liebermann’s nitroso- 
reaction; hut whereas the product obtained from the /8-form was 
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crystalline and had the composition C 12 H ia 0 2 N 2 , that from the 
a-form was oily and could not be obtained pure. 

The absorption spectra of the two forms have been examined 
and the curves obtained are very nearly but not quite identical. 

Similar isomeric compounds have been prepared from yj-toluidine 
and i/r-cumidine. 

As regards the cause of this case of isomerism, it is clear that 
the a- and 0-compounds cannot be stereoisomeric, since each is too 
stable towards heat, and under the influence of solvents, and of 
two compounds differing only in the disposition of the groups 
around the tervalent nitrogen atom, one would inevitably be very 
unstable. Yet any structural difference between the compounds 
must be slight and easily removed, since so many derivatives are 
identical, and the absorption spectra are so nearly the same. In 
all cases the a-compound is distinctly more reactive than the 
0-compound, but in two cases only are the derivatives of the two 
isomerides different, namely, the hydrochlorides and nitroso- 
compounds. 

The adoption of the formula C 6 H 3 Me 2 ‘NH'*CHMe , CH 2 *CEO for 
the a-compound, and 

C 6 H a Me 3 *N<C^^oHp > ^^ 2 

for the 0-compound, affords a satisfactory explanation of all the 
facts observed, with the exception of the action of nitrous acid. 

The hydroxytjrimethyleneimine ring present in the 0-compound 
would be unstable, especially towards acids, just as the trimcthylenc- 
imine ring has been found to be (Howard and Marckwald, Ber., 
1899, 32 , 2031), and under the influence of acids or other 
reagents would undergo fission, so that the product obtained from 
the 0-compound with hydroxylamine, benzoyl chloride, benzyl* 
phenylhydrazine, or methyl iodide would be identical with that 
obtained from the a-compound. 

Certain suggestions might bo made to account for the different 
products obtained by the action of nitrous acid, but the experi- 
mental evidence is insufficient to discriminate between them. Both 
compounds are insoluble in acids, so that it is improbable that 
either is an ester or a salt. 

The products obtained with hydrogen chloride would be the 
simple additive products, different for the a- and 0-forms: there 
is no evidence of the formation of an ammonium salt of the type 

C 8 H s Me 2 -NCl<^|ll!>CH 4) 

similar to th it formed from cotamine (Dobbie, Lauder, and Tinkler, 
Trans., 1903, $ 4 , 598). 
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Experimental. 

The method given by Miller and Plochl for obtaining the mixture 
of the two isomeric compounds consists in mixing xylidine, dilute 
hydrochloric acid, and acetaldehyde, keeping the mixture for one 
day, and then fractionally neutralising it. A dark resinous sub- 
stance is first formed, and is removed, after which a red oil, repre- 
senting the isomeric mixture, separates. This is extracted with 
ether, and the crystalline product is obtained from the ethereal 
solution after concentration, part of it by addition of light 
petroleum, and the remainder by keeping the gummy mother 
liquor for some days, when a further crop of crystals separates. 
In this way 20 grams of xylidine yield 17 grams of yellow, solid 

difficulties were encountered in repeating the preparation 
as above described. There is no definite stage in the neutralisation 
of the acid solution to separate the resinous from the oily pre- 
cipitates, and in reality a complicated succession of precipitates of 
different degrees of colour and consistency is obtained. Con- 
sequently, either the yield of solid product is small, owing to the 
greater part of the crystalline material having been removed along 
with the " resin/’ or less “ resin ” is separated and the crystalline 
material is only very slowly obtained from the impure ethereal 
solution. Moreover, in addition to the two crystalline, isomeric 
substances, and to the dark-coloured, uncrystallisable substance, 
which is probably ethylidenexylidine, C G H g Me 2 *N!CHMe, a third 
crystalline substance is invariably present in the product, the 
so-called bimolecular ethylidenexylidine, C 2f) H 26 N 2 . Miller and 
Plochl seem to have overlooked its presence, but it is formed in 
considerable quantity, 20 grams of xylidine yielding about 4 grams, 
and of this amount a large proportion must inevitably have been 
present in their 17 grams of crude product. 

It was found possible, however, by modifying the original method 
of preparation to overcome both difficulties simply and successfully, 
and thus obtain a better yield of the product as a white, crystalline 
solid. The modified process depends on the fact that both the 
coloured, uncrystallisable impurity and the bimolecular ethylidene- 
xylidine are soluble in light petroleum and dissolve very readily 
if the light petroleum is present at the time of their precipitation, 
whereas the isomeric substances are only very sparingly soluble 
in the cold solvent. The method is as follows. 

Xylidine (10 grams) was poured into Erlenmeyer flasks containing 
twice the equivalent quantity of hydrochloric acid diluted with 
water to 120 c.c. A slight excess (11 c.c.) of acetaldehyde was 


product. 

Several 
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added, and the mixture kept in the stoppered flasks at the ordinary 
temperature for at least eighteen hours.* About 40 c.c. of Hgfy. 
petroleum were now added, and the requisite amount of alkali 
for complete neutralisation was poured in quickly, the flask beinu 
vigorously shaken. The red petroleum solution contained the 
impurities, and after a few minutes the isomeric mixture separated 
as a white, crystalline cake on the surface of the water-layer. The 
solid product was collected, washed with light petroleum and water 
and dried. 

The crystalline mixture, 12 grams of which are thus obtained 
from 10 grams of sylidine, melts at 84 — 87°, and consists 
approximately of 8 grams of the a-, and 4 grams of the 0-isomeride 
The composition in this and other cases is approximately deduced 
from the residue of 0-compound left after extracting the more 
soluble a-compound from a weighed quantity of the mixture, 
allowance being made for the 0-compound, which is removed at 
the same time. ■ 

Miller and Pldchl obtained the less soluble 0-form by fractional 
crystallisation from ethereal solution and the a-form by mechanical 
separation. The following method was found much more suitable 
for the preparation of the 0-compound. The amount of benzene 
required to dissolve the. more soluble component was added to 
the mixture (60 c.c. of benzene for 12 grams of mixture), and after 
shaking for about half an hour, the solid residue was removed 
by filtration. After one recrystallisation from benzene, nearly 
4 grams of pure substance were obtained. 

The a-isomeride is very difficult to separate in a state of purity. 
The method of mechanical separation is unsuitable for obtaining 
large quantities of the pure substance. This is chiefly because 
neither compound shows much tendency to crystallise in large 
individual crystals. Various solvents were tried, and many modi- 
fications were made in the conditions of crystallisation and 
separation, hut in every case only a very small proportion of each 
product consisted of separable crystals. Even under the most 
favourable conditions the crystallised mixture is mainly made up 
of masses which consist of radiating clusters of both kinds of 
crystals, and cannot be detached so as to admit of mechanical 
separation. For the same reason, although there is an appreciable 
difference of density, namely, 113 and 1*19 for the a- and 0-forms 
respectively, the method of separating by means of a liquid of 
intermediate density was also unsuccessful. Since, as will be seen 
later, the a-form is not transformed by the action of inert solvents, 

* Longer keeping Ilian eighteen hours, even for [several days, has no further 
influence on the nature or quantity of the products. 
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it, should be possible to separate it by fractional crystallisation. 
Repeated crystallisation from various solvents never gave specimens 
with a higher melting point than 96 — 99°, whereas the pure 
A-compound melts at 103—104°. The explanation of this un- 
doubtedly lies in the relative solubilities ‘of the two compounds. 
The solubilities in various solvents, including benzene, ether, 
acetone, and alcohol, were determined, and it was found that, in 
each of these cases, the ratio between the solubilities of the com- 
pounds has very nearly the same value, namely, about 4:1. It 
follows that the more soluble component cannot be purified by a 
simple process of crystallisation until a solvent is found for which 
the two solubilities are either more nearly equal or' more discrepant 
than they are in the above cases. The difficulty caused by this 
accidental uniformity in the relative solubility of the two isomerides 
has not yet been overcome. At present the only means of obtain- 
ing the pure o-compouncl is by mechanical separation followed 
bv crystallisation; this is very slow and tedious, but enough of 
the pure a compound has been obtained in this way to allow of an 
investigation of its properties. 

Melting Point . — The melting points given by Miller and Ploclil 
are 102° and 131° for the a- ana j3-coinpouncls respectively. It is 
now found that the a-form melts at 103 — 104°, and the /S-form 
at 127 — -128°. In both cases, especially the former, the melting 
point- is much affected by the presence of impurity. It is note- 
worthy, in connexion with the question of transform ability, that 
the melting point of individual rhombohedral crystals picked out 
from the crystalline mixtures is never more than 99 — 101°, and is 
usually considerably lower; therefore, after mechanical separation, 
the crystals of the a-compound must- be recrystallised before the 
substance can be obtained quite pure. 

Crystalline Form . — The crystals of the a-isomeride have 
commonly a rhombohedral appearance, but are often elongated, and 
are then not so easily distinguished from those of the j3-form. The 
latter are flat needles, differing from the former in possessing 
marked cleavage, the cleavage fragments being diamond-shaped. 
Both kinds of crystals occur usually as radiating clusters of small 
individuals. 

Solubility . — The a-compound is easily soluble in acetone, benzene, 
ether, or alcohol, these solvents being arranged in descending order 
of solubility. It is very sparingly soluble in cold, but moderately 
so in hot light petroleum, aud insoluble in water. It is readily 
soluble in dilute acids. The solubility of the 3-isomeride, as already 
stated, is in all these cases proportionately less, the ratio being veTv 
nearly constant at 1 : 4. 
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Absorption Spectra. — These were observed by Mr. J. E. Purv'^ 
and are described in the paper following this. The curves for 
the two isomerides are very nearly but not quite identical. T^ e 
spectra of the corresponding p-toluidine derivatives, the p re . 
paration and properties of which are described later, show venr 
clearly a difference of precisely the same nature as that observed 
in the xylidine derivatives. 

It is impossible to draw very definite conclusions from these 
results as to the constitution of the two compounds, but it 
extremely probable that two substances, with absorption spectra 
so nearly the same, would only differ slightly in chemical con- 
stitution. 

Transformability . — Miller and Plochl state that the /3-compound 
is stable, but that the a-compound is “ partly ” transformed into 
the other form by (i) simple crystallisation from solvents; (fi) 
keeping in acid solution for some time; (iii) heating above its 
melting point. It was found that no transformation could be 
effected either by solvents or by heat. 

In addition to showing that the pure a-compound could be 
recrystallised several times without changing the melting point, 
the following more stringent experiments were made. Solutions 
of the purified substance, melting at 103 — 104°, in different solvents, 
such as benzene or light petroleum, were heated to 100° in sealed 
tubes for several hours, after which the substance was recovered 
absolutely unchanged. 

The effect of heat alone was examined by heating the a-form in 
an air-oven to 110° (at higher temperatures quinoline formation 
takes place very rapidly). The substance was then washed with 
light petroleum in order to remove any trimetbylquinoline which 
had been formed, and the residue again proved to be unchanged 
substance, melting at 103 — 104°. 

The /3-compound was submitted to the same treatment and found 
to he equally stable. 

Action of Acids . — The two compounds are, however, transformed 
on treatment with acids. The a-form is much more easily dissolved 
by dilute hydrochloric acid than the jB-form, but on keeping in 
acid solution each form is transformed into an equilibrium mixture, 
which has the same composition as the mixture obtained when 


the substances are prepared in the ordinary way by the con- 
densation of xylidine and aldehyde in acid solution. In cold dilute 
acid the change is slow, needing several days for completion, but 
on warming the solution, the equilibrium is attained in a few 
minutes. In all cases when either the a- or the /3-compound is 
dissolved in acid and reprecipitated by the addition of alkali, the 
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uantity of base recovered is considerably less than the amount 
dissolved, owing to the formation of 2:6: 8-trimethylquinoiine, 
w hich takes place very readily under the influence of acids. 

Action of Hydrogen Chloride . — The a- and j8 compounds were 
dissolved in dry ether or benzene, and dry hydrogen chloride was 
passed into the solution, when a white precipitate separated 
immediately. 

The a-form yielded a deliquescent product, which sintered at 
80°, and melted with frothing at 85° : 

0-2755 gave 0*6345 C0 2 and 0*1910 H 2 0. C = 62*8; H = 7*7. 

0*2579 M 0*1654 AgCl. 01=15-8. 

C 12 H 17 0N,HC1 requires C = 63*3; H=7*9l; Cl=15’7 per cent. 

The aqueous solution was acid to litmus, and on the addition of 
alkali an oil separated, which crystallised after some time, The 
crystals melted at 88°, and were a mixture of the a- and j3-forms. 

The j3-form yielded a white, crystalline precipitate, which melted 
without decomposing at 135 — 136°, and could be recrystallised 
from alcohol or water unchanged. The same substance is produced 
by allowing a solution of the base in aqueous hydrochloric acid 
to evaporate spontaneously, when it separates in long, needle-shaped 
crystals : 

0*2715 gave 0*6220 C0 2 and 0*1895 H 2 0. C = 62*8; H = 7*8. 

0*2855 „ 0*1865 AgCl. Cl=16‘l. “ 

C 12 H 17 0N,HC1 requires C = 63*3; 11 = 7*91; Cl = 15*7 per cent. 

The aqueous solution, on the addition of alkali, deposited a 
crystalline solid, which melted at 125°, and consisted of the jS-form. 

Formation of Trimethylquinoline. — The action of heat or of 
strong acids is, as stated by Miller and Plochl, to decompose the 
compounds with formation of 2:6: 8-trimethylquinoline. Thus, 
if the a-compound is heated to 120° in an air-oven for half an 
hour and the residue distilled in a current of steam, a 50 per 
cent, yield of trimethylquinoline will be found in the steam dis- 
tillate as large, crystalline plates, melting at 45 — 46°. The 
3-compound requires heating to 150° for about two hours to give 
a similar yield. 

Acids, even when cold and not very concentrated, slowly effect 
the same transformation, and the change takes place completely 
if either of the compounds is warmed for a few minutes with 
concentrated hydrochloric acid. This effect of acids is also 
illustrated by the action of d-camphorsulphonic acid. Dry acetone 
solutions of th3 two bases were mixed with dry acetone solutions 
of d-camphorsuiphonic acid, with the object of preparing the 
camphorsulphonates. A crystalline product separated in each 
case, melting after purification at 229 — 231°, hut when examined 
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was found to be a camphorsulphonate, not of the original b aset . 
but of 2 : 6 : 8-trimethylquinoline. If ether is added to the solution 
immediately after mixing, colourless crystals separate, which ael" 
at a low temperature (about 103°), but these change rapidly j n t 0 
the camphorsulphonate of 2 : 6 : 8-trimethylquinoline. 

Aldehyde Reactions. — Miller and Plochl lay stress on the fact 
that both compounds reduce ammoniacal silver solutions, takin» 
this as indicating their aldehydic nature. The silver reduction 
does actually take place, but in neither case so readily as tha* 
brought about by the simple amines, such as xylidine itself. The 
test, therefore, is valueless. Both compounds do, however, condense 
with hydroxylamine, benzylphenylhydrazine, and xylidine, and 
these condensations will now be described. 

Condensation with Hydroxylamine. — The method of preparing 
the oximes described by Miller and Plochl was found to give good 
results. Both compounds give a 60 per cent, yield of the same 
compound, which, when crystallised from alcohol, molted at 
163 — 166°, Miller and Ploehl’s value being 165°. As the analysis 
given in the original paper is somewhat unsatisfactory, the follow- 
ing analytical results are appended : 

0*1785 gave 0-4570 C0 2 and 0*1450 H 2 0. C = 69-8; H = 9'0. 

C 32 Hi 8 ON 3 requires C — 69*9 ; H = 8‘75 per cent. 

Since the isomeric compounds are both transformed into a 
mixture in acid solution, attempts were made to condense them 
with free hydroxylamine in alcoholic solution. Under these con- 
ditions, however, uo reaction occurred, and the unchanged bases 
w T ere isolated. 

Condensation with Xylidine. — Both substances can be condensed 
with xylidine by simply mixing calculated quantities in alcoholic 
solution, and heating on the water-bath in a sealed tube, or in a 
flask provided with a reflux condenser. The condensation product 
is very sparingly soluble in alcohol, and in about three hours, in 
the case of the a-compound, it separates out as a white, crystalline 
precipitate, the yield being about 25 per cent, of the theoretical. 
The 0-isomeride gives an equal yield after about six hours’ heating. 
This method of condensation is found considerably quicker and 
simpler than Miller and Plochl’s method of heating the reagents 
suspended in a large quantity of water and afterwards proceeding 
to isolate the condensation product. 

The only information available with regard to this condensation 
compound, the so-called bimolecular ethylidenexylidine, is to be 
found in a short paragraph in Miller and PlochTs paper ( loc . cit., 
p. 1467), therefore a few supplementary details are given here. 
The compound crystallises in isolated, flat, six-sided plates with 
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vitreous lustre, and melts at 141 — 145°; Miller and Plochl give 
^ 47 °. It is moderately easily soluble in cold light petroleum, 
thereby differing from the isomeric compounds ; it is easily soluble 
in benzene, ether, or dilute acids, and very sparingly so in alcohol. 

No analyses or molecular weight determinations for the con- 
densation product appear to have been published, but it has 
undoubtedly the formula C 20 H 26 N 2 , as the following results show : 

0-2070 gave 0*6185 C0 2 and 0*1660 H 2 0. C=81*5; H = 8*9. 

0*415, in 17*50 benzene, gave &t= -0*400°. M.W. — 296. 

requires C-81*6; H=8*84 per cent. M.W. = 294. 

Miller and Plochl assume that the constitutional formula is 
C 6 H s Me 2 *NH , CHMe*CH 2 , CH!N*C 6 H g Me 2 . Its empirical formula 
shows it to be a bimolecular polymeride of the simple Schiff's base, 
C c lI 3 Me 2 *N’.CHMe, and the method of preparation and general 
properties render the above constitutional formula prima facie 
probable. 

In addition to the method of preparation described above, two 
other methods may be employed. It is formed along with the 
isomeric bases when xylidine is condensed with acetaldehyde in 
acid solution, as has already been mentioned, but it is most 
conveniently prepared by the direct condensation of xylidine with! 
acetaldehyde in alcoholic solution. The calculated quantity of 
acetaldehyde is slowly added to an alcoholic solution of xylidine 
at 0°, when the product separates first as a red oil, but in a few 
minutes solidifies to a jellow mass, which is collected and purified 
by recrystallisation from alcohol. 

The compound is readily soluble in dilute acids, but in acid 
solution it slowly decomposes into xylidine and the equilibrium 
mixture of the isomeric compounds, the reaction occurring in the 
first method of formation being thus exactly reversed. It would 
therefore appear that, in acid solution, there is an equilibrium 
between the three substances, bimolecular ethylidenexylidine and 
the two a- and /3- compounds. 

Condensation with Benzyl phenylhydrazine. — The compounds 
were dissolved in alcohol, calculated quantities of benzylplicnyl- 
hydrazine added, and the solutions allowed to evaporate. Gummy 
residues were left, which crystallised after several days. After 
crystallising from alcohol, it was found that the same derivative, 
melting at 120 — 121°, was obtained from both compounds: 

0*1597 gave 0*4725 CO s and 0*1148 H 2 0. C^8Q*6; H = 7*98. 

C 15 H 29 N 3 requires C = 80*9; H = 7*82 per cent. 

Reaction with Benzoyl Chloride. — The reaction with benzoyl 
chloride takes place readily on adding excess of benzoyl chloride tc 
a benzene solution of either compound in presence of a large excess 
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of 10 per cent, sodium hydroxide solution. The mixture is 
vigorously during, the addition of the benzoyl chloride, and fin ]\ 
shaken until all the benzoyl chloride has disappeared. After two 
or three hours, a white, crystalline product separates and floats 
the benzene solution, and represents a 72 per cent, yield of the 
benzoyl derivative, which, after crystallising from alcohol, melts 
at 149 — 150°. It is sparingly soluble in ether or benzene, and 
quite insoluble in dilute acids. On the latter account, the com 
pound must be an imino- and not a hydroxy-derivative, since the 
basic character of the original substances has evidently been 
destroyed by the introduction of the benzoyl group. 

Reactio?i with Nitrous Acid .— In this case the two compounds 
show a remarkable difference of behaviour. Both compounds, when 
dissolved in cold dilute hydrochloric or acetic acid and treated 
with potassium nitrite solution, gave precipitates which, after 
careful washing, gave Liebermann’s test for nitroso-compounds. 
Both compounds would therefore appear to be secondary bases 
but there is this difference. In the case of the a-compound the 
precipitate is a yellow, oily substance, which cannot be obtained 
crystalline, whilst the /8-compound gives at once a faintly yellow- 
#oloured, crystalline precipitate. The latter was * recrystallised 
from ether and light petroleum, and obtained in plates, melting at 
112—113°: 

01100 gave 0’2635 C0 2 and 0 0715 H 2 0. C = 65’3; H=7*22. 

C 12 H 16 0 2 N 2 requires C=65'45; H = 7*27 per cent. 

Action of Methyl Iodide — The a- and 8-compounds react slowly 
with methyl iodide, forming sometimes a gummy substance, which 
afterwards becomes crystalline, and sometimes forming a crystalline 
product directly. 

The products were readily soluble in alcohol, and appeared to 
be mixtures. 

The aqueous solutions have an acid reaction, and on treatment 
with sodium carbonate or sodium hydroxide each compound yielded 
a small quantity of oily precipitate, which crystallised on keeping; 
this was readily soluble in ether, but very sparingly so in light 
petroleum. On repeated crystallisation from a mixture of ether 
and light petroleum, the products from the o- and 8-compounds 
separated in fine needles, melted at 45 — 46°, and were apparently 
identical. It seems probable that this is the methyl derivative, 
C 6 H 3 Me 2 ’NMe-Crofe*CH,/CHO. This product resembles 
2:6: 8-trimethylquinoline in some respects, but the solubility in 
light petroleum discriminates between them, since the quinoline 
derivative is readily soluble in this solvent. 

Oth^r pure compounds have not been separated from the products 
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0 f the action with methyl iodide, but on repeated re crystallisation 
the melting point varied from 215° to 230°, and the composition was 
apparently that of a mixture. It is probable that in each case the 
product is a mixture of the methyl iodide additive compounds of 
2:6: 8-trimethylquinolinc and of ‘the tertiary base mentioned 
above, together with the hydriodide of the latter. 

Analogous Compounds from other Amines. — Several amines, 
including aniline, o- and p-toluidines, o- and p-xyli dines, and 
^-cumidine, were treated with acetaldehyde in acid solution in the 
game manner as w-4-xylidine. The precipitates obtained by 
neutralisation in presence of light petroleum varied considerably 
in appearance. In two cases, those of p-toluidine and ^-cumidine, 
the precipitate was slightly coloured and crystalline, but the 
other amines gave products which were viscous and dark coloured. 
The products obtained from p-toluidine and ^-cumidine were frac- 
tionally crystallised, and found to consist of mixtures of two 
isomerides corresponding with the a- and /3-xylidine isomerides, 
along with compounds corresponding with bimolecular ethylidene- 
xylidine. In the ^-cumidine product, the latter derivative pre- 
dominates, and it is probable that, with many of the other bases, 
the isomeric pairs of compounds only form a very small part of the* 
product, the regular condensation product being the polymerised 
Schiff’s base. 

The j8-compound isolated from the p-toluidine product consisted 
of small, colourless plates, melting at 164 — 167°, readily separated 
from the o-compound by crystallisation: 

01570 gave 0*4265 C0 2 and 0*1185 H a O. 0=74*1; H = 8*38. 

C n H 15 ON requires 0 = 74*57; H = 8*47 per cent. 

The a-compound can be obtained by recrystallising the more 
soluble product and picking out the stout plates, which melt at 
108—110° : 

0*1673 gave 0*4555 C0 2 and 0*1295 H 2 0. 0 = 74*23; H=8*60. 

requires 0 = 74*57; 11=8*47 per cent. 

From the cumidine product the derivatives isolated were: 

The less soluble jS -compound, melting at 110 — 112°: 

0*2112 gave 0*5875 C0 2 and 0*0760 H a O. C = 7o*3; H=9*25. 

Ci 3 H 19 ON requires C = 76 0; H = 9*27 per cent. 

The a- compound melts at 80°. 

The bimolecular SchifTs base, soluble in light petroleum, was 
also ^isolated, and melted at 160 — 161°. It closely resembles the 
corresponding xylidine compound in its properties : 

0*1727 gave C 5140 C0 2 and 0*1415 H 2 0. C = 81*2; H = 9*4. 

^ 22 H; 3 <)N 2 requires 0 = 81*98; H = 9'3 per cent, 
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These results show that the cause of the isomerism is not in an - 
way connected with the benzene nucleus in m-4-xylidine, but j 
apparently general. 

The expenses of this investigation have been defrayed by means 
of a grant from the Government Grant Committee of the R 0 y a { 
Society, for which we are glad to make this grateful acknowledge 
ment. 

University Chemical Laboratory, 

Cambridge. 


LXIV . — The Absorption Spectra of p -Tohtidinc. 

m-Xylidmc, and of their Condensaticm Products 
with Acetaldehyde. 

By John Edward Purvis. 

With regard to the preceding investigations of Jones and White, 
it appeared to be of some interest to study the absorption spectra 
of the compounds they obtained in order (1) to compare the spectra 
with those of p-toluidine and of m-4-xylidine, and (2) to compare 
the spectra with each other so as to differentiate, if possible, the 
suggested linking of the nitrogen atom. 

The absorption spectrum of p-toluidine has been examined by 
Hartley (Trans., 1885, 47, 685), and he found two bands in the 
dilutions he employed, one range being A 3171 — A 2701, and the 
othfer A 2568 — A 2310. The absorption curves have been investigated 
by the method and apparatus used by Purvis and Foster ( Proc . 
Gmrib. Phil. Soc 1908, 14, 381), and the results confirm Hartley's 
observations. It will be noticed (Fig. 1) that there are two bands, 
and that before the appearance of the band on the less refrangible 
side, the one on the more refrangible side of the spectrum dis- 
appears as the thickness of the solution increases. 

The spectrum of w-4-xylidine has not hitherto been studied, and 
from the absorption curve it will be seen that the bands are similar 
to those of p-toluidine. The differences are that the weighting 
of the molecule has produced a slight shift of the bands towards 
the red end of the spectrum, and also that the bands are not 
quite so persistent, the difference in this respect being greater for 
the more refrangible band. 

The bimolecular ethylidenexylidine (m. p. 144 — 145°), the con- 
stitutional formula of which may be written 

C 6 H 3 Aie 2 *NH’CHAle'CH i ,’CH:N’C 6 H 3 Me2, 
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w as examined, * and from the absorption curve (Fig. 1) it will bo 
noticed that there has been a great shift of the band towards the 
red end of th.e spectrum, and that only one band was observed, 
the persistency of which was considerably diminished. The band 
on the more refrangible side occurring in m-4-xylidine was not 


Fig, 1. 

Oscillation fr< fluencies. 
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Continuous curve p- Toluidinc • 

Dotted curve m-Xylidinr.. 

Dot and dash curve Bimolccular cthylidcnezylidinc. 

observed; and, although more diluted solutions of A 7 / 1000 and 
A 7 / 10,000 strengths were also examined, there were merely indica- 
tions of this second band. The effect of the union of the two 
similar xylidine residues by the aliphatic group has been to reduce 
the persistency of the bauds and not to destroy them. 

The condensation product of p-toluidine and acetaldehyde 




fi46 PURVIS : ABSORPTION SPECTRA OF P-TOLU1DINE, M-XYlIDljfp 

(•-form, m. p. 108— 110°j; C 6 H 4 Me*NH*CHM0-CH 2 -CHO, 

examined; and as regards the general form and persistency, the 
curve (Fig. 2) shows the presence of only one band, very similar fa 
the band of ^toluidine on the less refrangible side of the spectrum 
This band is shifted more towards the red end as a result of the 


Fro. 2. 

Oscillation frequencies 
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Continuous curve a-Compound. 

Dotted curve £- Compound . 

weighting of the molecule, and the second band on the more 
refrangible side has disappeared. 

The corresponding /J-coinpound (m. p. 164 — 167°), the suggested 
constitutional formula of which is: 

was also examined, and it will be noticed that the absorption 
curve (Fig. 2) is similar to that of the o isomeride both in form 
and position, although it is slightly less persistent, 
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The condensatipu product of m-4-xy Udine and acetaldehyde 
(a-form, in' p. 104°), C^Meg^NH-CHMe'CHg-CHO, was 
examined, and ,on comparing the curve (Fig. 3) with that of 
^ 4 -xylidme, it is noticeable that only one band is visible, the 
persistency of which is greater than that of the latter substance, 
and also greater than that of (he corresponding compound obtained 
from p-toluidine. The band on the more refrangible side has 


Fig. 3. 
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m i-Xylidine derivatives. 


Continuous curve a- Compound, 

Dotted curve fr-Compouwd. 

Dot and dash curve a ■ Compound with hydrochloric acid. 

disappeared, exactly similar to the effect in the corresponding 
substance obtained from ^toluidine. 

The jB-compound (m. p. 127 — 128°), the constitutional formula 
of which, it is suggested, may he: 

C^H 3 Me 2 - 
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was examined, and the absorption curve (Tig. 3) is not unlike that 
of the a-comp6und, although it is not quite so persistent. There 
is therefore precisely the same kind of difference between these two 
substances as between the two corresponding substances obtained 
from p-toluidine. 

It has been noticed by Hartley (Joe. cit.), Baker and Baly 
(Trans., 1907, 91, 1122), and Purvis (Proc. Camb . Phil Soc., 
1908, 14, 436) that the effect of adding hydrochloric acid to the 
bases, pyridine, lutidine, and trimethylpyridine respectively was 
to produce a marked increase in the persistence of the absorption 
curves. The author has also shown (Proc. Camb. Phil tfoe., 1908, 
14, 568) that in tetrachloro-2-aminopyridine and tetrachloro- 
4-aminopyridine the absorption curves differ widelv in their 
positions and persistencies, the orientation of the amino-group 
determining the nature and extent of the absorption ; and, further, 
that the substitution of atoms forming part, of a side-chain does not 
exert the same marked influence on the absorption of light as 
when the substitution takes place in the nucleus (Trans., 1909, 95, 
294). 

In order to test how far the vibrations of the ammatic ring of 
the compounds of the present investigation are affected when the 
nitrogen atom is part of a side-chain, the absorption curve was 
studied when hvdrochloric acid was added to the a-compound 

(m. p. 103 104°) obtained from w4-xylidine. The results show 

(Pig. 3) that the form and persistency of the curve are not 
different from those of the latter compound. There is only a 
greater shift of the band towards the red end, caused by the 
weighting of the molecule by the acid. They confirm the view 
that the position and linking of the nitrogen atom in the ring or 
the side-chain is of considerable importance in determining the 
absorption of light. 

Further, it will he noticed that in the bimokcular etfiylidene- 
xylidine the linking of the nitrogen atom of the two xvlidine 
groups is different. On one side it is linked with two atoms of 
carbon and an atom of hydrogen ; and on the other side it is 
linked with two atoms of carbon. In the latter case the linking of 
the nitrogen atom with a carbon atom of the aliphatic residue is a. 
double one. The effect has been to reduce the absorption, and 
therefore the persistencies of the bands, although the general form 
of the curve has been retained. 

The effect of the nitrogen linking in the a-compound obtained 
from p-toluidine has been to obliterate the more refrangible an , 
whilst the less refrangible one remains very similar to that of t e 
parent substance both in form and persistency. The curve obtained 
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from the ^-compound is aiso very similar, the only difference being 
that it is not so persistent. This difference probably indicates some 
alteration in the linking of the nitrogen atom, which may be in 
the direction of the suggested formula. 

As regards the a~ and /3-compounds obtained from ra-4-xylidine, 
which correspond with the a- and /3-compounds obtained from 
^toluidine, similar remarks apply, for the persistence of the curve 
of the /3-compound is not so marked as that of the a-compouud. 
Xhe phenomena observed in the two series of compounds are 
precisely similar in this respect; and the linking of the nitrogen 
atom appears to be exactly the same. 

It is not clear, however, how far these results assist the suggested 
formulae of the 0-compounds. We might have expected a somewhat 
different form of curve in compounds containing two rings of 
such different types. At the same time, there can be little doubt 
that the nitrogen atom is a determining factor in the absorption, 
and the suggestion that it is linked to three separate carbon 
atoms 'in these compounds, whereas in the isomerides it is linked 
to two carbon atoms, derives some support from the different per- 
sistencies of the bands. In such linkings the tendency would be 
to influence the vibrations so that less light would be absorbed, 
and it would be manifested in a decreased persistence of the 
absorption band. It is also conceivable that the vibrations of the 
aromatic ring are more fundamentally influenced by the com- 
bination with the nitrogen atom than are those of the aliphatic^ 
ring; or, in other words, if the aliphatic parts of the compounds 
are considered as displacing the hydrogen atoms of the amino- 
groups. the small differences shown by tbe curves may be explained 
by the previous observations that there is less influence on the 
vibrations of the nucleus in such a case than when the displacement 
takes place in the nucleus itself (Trans., 1909, 95, 294). 

General Results. 

The general results of the investigation show : 

1. That the absorption curves- of p-toluidine and w-4-xylidine 
are very similar. The chief differences are the slightly decreased 
persistence of the bands of w-4-xylidine, and the shifting of the 
bands of the heavier molecule towards the red end of the spectrum. 

2. That the combination of two m-4-xylidine residues through 
acetaldehyde produces a greatly decreased persistence of the two 
bands and also a greater shift towards the red end. 

3. That the isomeric substances obtained by the union of 
p-toluidine or of m-4-xylidine with acetaldehyde produce a dis- 
appearance of the more refrangible band found in the aromatic 
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compounds; and 
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Terences i n 
nitrogen 


. That the addition of hydrochloric acid to these derived 
compounds has no effect on the form and persistence of the ahsorp 
fcion band, thereby indicating that the vibrations of the nucleus are 
not influenced by an alteration in the valency of the nitrogen of 

the side-chain. 

. wt- 

University Chemical Laboratory, 


Cambridge 
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Electro-syntheses. IV. Sima M. Losanitsch (Ber., 1909, 42, 
4394—4400. Compare Abstr., 1908, i, 2, 846, 866 ; ii, 32).— The 
substances investigated were submitted to the action of the silent 
electric discharge. 

isoPentane absorbs oxygen from the air, and is condensed to 
a mixture of higher saturated and unsaturated products, in. which the 
latter predominate. ?i- Hexane is more slowly acted on ■ in this 
case the saturated products predominate. 

Ethyl ether breaks down into formaldehyde, methane, and ethylene. 
The condensation products C 4 H 8 0 and C s H 14 0 2 are formed, also 
ethylal, derived from formaldehyde and ether. 

Acetaldehyde is decomposed to the extent of 80%, and condensed to 
20% only. The decomposition products arc mainly carbon monoxide 
and methane. The condensation products are polymeridcs of acetalde- 
hyde and formaldehyde with aldehydic characteristics. 

Formic and acetic acids are decomposed. Ethyl acetate gives 
hydrogen, methane, and carbon monoxide. The condensation pro- 
ducts are C 4 H 8 0.„ corresponding with a bimolecular acetaldehyde, 
C-H 10 O 3 , a combination of formaldehyde and ethyl acetate, and 
(G 4 H 8 0 2 ) n , a higher polymeride of acetaldehyde. Chloroform yields an 
oil, C 5 H 2 C1 12 , and hexachloroethane. 

Ethylene yields a volatile product, C 10 H s0 O, and a non-volatile pro- 
dust. C M H J4 O a . 
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Benzene ^givus a rK) D . Vr ,] gi;i , 

form a colotfrless, oily,' volatile f$jhid' @ jr 
a^Wno nToI ati le, red, thick, clear substance, C 28 H 34 . E.pv^ 141 

‘ 

formation of Naphthenes in Mineral Oil. I. Care E NQLlfR 
(2far.,1909,42, 4610 — 4613). — It is shown conclusively by the author 
in conjunction with Routala (compare following abstracts), that 
olefines, which are formed by the distillation of fats under pressure 
when heated under pressure at about 200 ° readily yield naphthenes 
fnd substances closely resembling mineral lubricating oils; con- 
sequently, the assumption that the naphthenes in mineral oils owe 
their origin to the action of a catalyst on olefines is unnecessary 
(compare Aschan, Abstr., 1902, i, 749). W. H. G. 


Formation of Naphthenes. II. Action of Aluminium 
Chloride on Amylene at Low and Moderately High Tem- 
peratures. Gael Engler and 0. Routala (Ber., 1909, 42, 4613—4620). 
fe—A detailed account of the behaviour of various samples of amylene 
when treated with aluminium chloride at the ordinary temperature 
and at about 130°. Generally speaking, the results obtained are in 


sood agreement with those recorded by Aschan (Abstr., 1902, i, 749); 
plus, the more volatile products are composed mainly of paraffins, such 
^8 pentane, isopentane, hexane, /jfy-dimethylbutane, 7 -methyl pentane, 
heptane, octane, decane, otc., whilst traces of naphthenes are present 
^nly in the fractions with high boiling points. W. EL G. 


Naphthene Formation. III. Products Formed by Heating 
Amylene and Hexylene Under Pressure. Carl Engler and 
0. Routala (ifer., 1909, 42, 4620 — 4631). — When commercial 
amylene (/3-methyl-A^-butylcne) is heated under pressure at 320—325° 
for thirty-two days, it yields a gas (about 10 litres from 350 grams) 
and a liquid with a bluish-green fluorescence. The gas is composed 
of saturated hydrocarbons, paraffins, and polymethylenes, 91*1% ; 
unsaturated hydrocarbons, 1‘5%, and hydrogen, 7'4%. The liquid 
when fractionally distilled yields various paraffins, such as pentane, 
isopentane, hexane, heptane, and octane, whilst the higher boiling 
fractions (b. p. 130 — 250°) consist almost solely of naphthenes 
identical with, or vei*y similar to, those which have been isolated by 
Markownikofl and Oglobin from Caucasian petroleum ; for example, 
fractions were obtained having the composition and physical properties 
of nononaphthene, isodecanaphthene, /3-decanaphthene, hendecanaph- 
thene, tetradecanaphthene, and pentadecanaphthene ; in addition, 
a-decanaphthene was isolated and identified as the mtro-derivative. 
The fractions with high b. p/s closely resemble the mineral 
lubricating oils. 

AP-Hexylene (methyl propylethylene), when heated under pressure 
at 325° for about thirty days, yields a mixture of gaseous, saturated 
hydrocarbons, and an oil from which fractions were obtained similar 
to those derived from amylene. W, H. G. 
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IRopijann and Heinz Jxirmreuther 
W hilst ethylene, -its homologues and 
mercury salts, 1 especially v^n presence 
id tetra-chloroethylenes undergo ho 
— , . . , , . . „ alkaline mercuric cyanide 

solutions, these haloid derivatives form salt-like,, substituted compounds 
the ethylene linking remaining intact (compare Abstr., 1908, i 145) ■ 
further, they are gradually reduced by platinum chloride, with which 
ethylene itself combines. 

Iodine does not yield additive products with di-, tri- or tetra 
chloroethylene in the dark ; with the trichloro-compound a slo* 
action occurs in daylight, but the change is more complicated thah 
simple addition. 

The addition of bromine to these haloid derivatives in carbon^ 
tetrachloride solution m the dark takes place with measurable 
velocity (compare Plotmkoff, Abstr., 1906, ii, 12 ; Herz and Mylius 
Abstr., 1907, i, 55 ; Bauer and Moser, Abstr., 1907, i 307) With 
dichloroethylene the value of K calculated for a reaction of that 
second order is constant (H8-1-52.10"*). With tetrachloroethylene ’ 
the value of K increases to an approximately constant magnitude the 
auto-acceleration of the reaction being due to the catalytic action of an 
oxidation product, such as carbonyl chloride, the odour of which is 
observable. -j 

In the case of trichloroethylene the reaction is very complex! 
and irregular. The velocity, which initially is greater than with! 
dichloroethylene, diminishes from -A r - 4*06 x 10" 4 to 0*58x10-* 
afterwards increasing to the value 2*57 x 10' 4 . Here, also, the odourf 
of carbonyl chloride is noticed, and either this compound or an 
analogous oxidation product doubtless exerts a considerable catalytic 
influence on the reaction. T H P 

Esters of Perchloric Acid. Karl A. Hoeuann, [Grae] Abmin 
Zedtwitz, and H. Wagner ( Ber ., 1909, 42, 4390—4394. Compare 
Abstr., 1909, ii, 568).— The attempt was made to prepare alkyl, esters 
of perchloric acid by the interaction of nitrosyl perchlorate with 
alcohols. These perchlorates are formed, but even when very small 
quantities of substance are used and every precaution is adopted, they 
are of too explosive a nature to be isolated. The experiments were 
accordingly restricted to the preparation of esters of ethylene glvcol 
and emorohydrin, formed by the interaction of ethylene oxide "and 
of epichlorohydrin with perchloric acid, D 1‘72, containing sixty-three 
parts by weight of HC10<. 

CMoroperchloratohydrm, C10 4 *CH 2 *CH(0H)‘CH 2 C1, is a colourless, 
heavy oil. It burns like gun-cotton, explodes when struck more 
easily than nitroglycerin, but is 'easily hydrolysed by water and slowly 
ecomposes in moist air. This excludes any practical application as 
an explosive. 

, T j! 0 corresponding chloronitratohjdrin does not explode, and is 
ai y hydrolysed at +17° under conditions which cause hydrolysis 
oi more than half of the perchlorate. 

Diethylme glycol monoper chlorate , , C10 4 -C 2 H 4 -0*C 2 H 4 *0H, is a colour- 

b 2 


Chloroethylene^KARL. A. 

:in;U6|iibT fcmbino rapidly with 1 
of sodium acetate, <£-, tri-, ai 
chansei under these conditions. 
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less oil, which explodes vioteatlyjghflh like gun-cotton 

It is slightly more etabljetHo^afdrin^ture thanthe chloroperehlorato^ 
hydrin; Dufcllowiy decomposes when exposed to the atmosphere. 

F. F. A. 

/'Sodium Alkyl Carbonates. Antoine P. N. Franchihont (P f0Ci 
K. Akad. Wetemch. Amsterdam , 1909, 12, 303—304).— Sodium methyi 
and ethyl carbonates have been obtained by the action of dry carbon 
dioxide on the dry sodium alkyl oxide free from alcohol. Both sub- 
stances are decomposed by water, but not by acetone, or yet when 
heated to about 180°. Whilst sodium phenyl carbonate is decom- 
posed by acetone, it is shown that the rate of decomposition is greatly 
reduced if the acetone is dried over phosphoric oxide. H. M. D. 


Kephalin. Jakob Paunass ( Biochem . Zeitsch 1909, 22, 

411 432 ). — Kephalin was prepared by extracting the hardened and 

dried brain with light petroleum. It was separated from the 
cholesterol and phosphatides by precipitation from this solution by 
alcohol. From the precipitate thus obtained it was extracted by a 
small quantity of very cold ether, and thus separated from the 
cerebrosides. The ratio of P : N in the carefully prepared product is 
1:1. It readily undergoes hydrolysis with water, acids, and bases. 
On heating at 120° for twelve hours with barium hydroxide solution, 
it yields stearic acid, bases, and a barium salt, C 27 H 53 O 10 PBa 2 , the 
acid of which is obtained in a yield of about 50% of the kephalin 


hydrolysed. . . 

On further hydrolysis with alkali, this phosphorus-containing 
tetrabasic acid yields “ kephalinic " or “ kephalinolic ” acid in a yield 
equivalent to 18% of the kephalin. This was obtained pure in the 
form of the methyl ester, C 19 H 34 0 2 , which, on treatment with hydro- 
gen is converted into methyl stearate, m. p. 37 c , from which stearic 
acid, m. p. 69°, was obtained on hydrolysis. The kephalinic acid ester 
also takes up 1 molecule of oxygen on treatment with air The free 
acid obtained from the ester by hydrolysis solidifies on cooling to -8 , 
but melts on warming to - 4°. It boils at 205° in a vacuum, yielding 
apparently a mixture of free acid and the isomeric lactone, llie 
barium salt, (C 18 H sl 0 2 ) 2 Ba, is crystalline. The acid can be directly 
reduced by hydrogen in the presonce of palladium to stearic acid. 
The sodium salt is soluble in ethor. The author brings forward 
* reasons for believing that kephalin is constituted differently^ from the 
lecithins. b * 


a-Bromopropionic Acid. Ludwig Ramberg (Annahn, 1909, 
370 234— 239).— I. la-Bromoj/ropionic dciti.— This acid has been care- 
fully purified by repeated crystallisation and separation o e 
crystals from the liquid acid by means of a centrifuge j it as m. P- 
- 0-3° to -0*5° (in a sealed capillary tube), Df W00, D, 1 ^ 
[a® -29-0°, [a® .-28-5° (compare Abstr., 1906, i, 9-3). The 
racemises very slowly, the value of [a® changing from 
May, 1906, to -24 3° in July, 1909, 
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II. Inactive metastable modification oF 

^is aeid^ha^tSgyopi^feed by i^idly coolttig the liquid acid to - 30° ; 
it hqJf mi - 3*9° (corr.), and is very stable' iii the absence of the 
stabt^ variety, but by inoculation changes spontaneously into this 
acidf The stable form has m. p. 25*7° (corr.), Df 1*700 (compare 
Weinig, Abstr., 1895, i, 16), and is undoubtedly the true racemic 
form of the acid. W. H. Gr. 

Melting and Solidifying Points of Patty Substances. 
I. Binary Mixtures of Stearic, Palmitic, and Oleic Acids. 
Ehilio Carlinfaoti and Mario Leyi-Malvano (Gazzeita, 1909, 39, 
ii f 353 — 375). — The authors discuss the various methods which have 
been suggested for the determination of the m. p. of fats, and give 
the results of their investigations on the solidification curves for 
the systems palmitic-stearic, palmitic-oleic, and stearic-oleic acids. 

The solidification diagram for palmitic-stearic acid consists of 
two curves, the one for the system having for components stearic 
acid and the additive compound, C 1? n 82 0 2 ,C 18 H 36 0 2 , and the other for 
the system comprising the additive compound and palmitic acid. 
The first of these curves, which meets the other at 56°, the crystal- 
lisation temperature of the additive compound, is of RoozeboonTs 
type I, and shows neither a maximum nor a minimum, the solidi- 
fying point of stearic acid being lowered continuously by addition of 
the additive compound. The second curve is a combination of 
Roozeboom’s types II and III, and exhibits a maximum at 56*25° 
and a minimum at 54'75°, neither of these temperatures corresponds 
ing with a simple compound of the two components. The additive^ 
compound hence forms with palmitic acid three different series of 
solid solutions. 

The diagram for mixtures of stearic and oleic acids is of Rooze- 
boora’s type I, the m. p. of stearic acid being depressed at first slowly 
and afterwards rapidly as the addition of oleic acid is continued. 
These acids hence form a continuous series of solid solutions (com- 
pare Garelli and Montanari, Abstr., 1895, ii, 205). The mixture 
containing 5% of stearic acid begins to crystallise at 12'4°, after a 
superfusion of 0*2°, the temperature falling gradually to 7*8°, where 
a sudden jump to the solidification point of oleic acid takes place, fol- 
lowed by a very slow fall of temperature. This behaviour is ex- 
plained by the separation «• at 12*4° of a solid solution, which is 
richer in stearic acid than the liquid, and does not enter into 
equilibrium with the liquid, that is, does not absorb oleic acid as 
the temperature falls, Gottlieb ( Annalen , 1846, 57, 37) gave for oleic 
acid the m. p. 14° and the solidifying point 4°; for their oleic acid, 
which gave an iodine number of 90*5 instead of the theoretical 90, 
the authors found tho solidifying point 9° with 2*5° superfusion. 

The system comprising palmitic and oleic acids exhibits behaviour 
similar to that of stearic and oleic acids. 

The additive compound formed by palmitic and stearic acids 
probably represents the original margaric acid, the more recent 
daturic acid, and, possibly, the synthetic margaric acid assumed to 
exist at the present day. T. H. P. 
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Melting and SoUdlt'y^ Substances, tt 
T ernary Mixture|^q£ Paltfltip i 4 Stearici, "and Qleic Xcidt 
Emilio' C ablinf anti and Mabio Levi-Malvano (Gazzetfiz, 1909 39 " 
iif 575 — 385. Compare preceding abstract), — In order to ohtai’ 
data for the determination of the proportions of palmitic, stearic and 
oleic acids in a mixture of the three, the authors have investigated 
theeolidifying points of fifty mixtures of the throe acids. 

••‘ With each mixture, the temperature falls regularly while the 
mixture remains liquid, rises 1 — 1*5° when crystallisation commences 
then again falls slowly until crystallisation is complete, and suV 
sequently more rapidly. In no case is an arrost of the temperature 
observed during the fall, so that the solid formed by the crystallisation 
of any one mixture of the acids is formed of a single phase, composed 
of solid solutions of the three acids, the miscibility of these in the 
solid state being complete. The results are given in the form of an 
equilateral triangle diagram. Each temperature of solidification is 
common to a series of mixtures, both of the three acids and of two of 
them, and, in order to determine whether a mixture under examin- 
ation consists of two or three acids, and to ascertain the proportions 
of each, it is necessary either to estimate the stearic acid by Hehner 
and Mitchell's method, or to determine the iodine number. It 
is found that the iodine number corresponds very closely with the 
proportion of oleic acid in the mixture. The iodine numbers and the 
temperatures at which crystallisation commences are given for a 
number of mixtures of fatty acids derived from natural fata and oils 
i'. T. H. P. ’ 

Hydrolysis of Fats and Oils. Rudolf AVegscheideb {Ohm, Zeit., 
1909. 33, 1220). — Some remarks on Kellner’s paper (Abstr., 1909 
i, 759). 

Kellner’s observations are in harmony with the theory of a gradual 
saponification. L. de K. 

Detergent Action of Soap Solutions. Part II. Walth^re 
Spring {Rec. trav. chzm., 1909, 28, 424 — 443). — In the previous paper 
of this series (Abstr., 1909, i, 628) the detergent action of soap 
solutions for lampblack was considered, and in the present paper the 
investigation is extended to ferric compounds, and more especially 
“red ochre.” The conclusions as to the general mode of. action of 
soap, already indicated, are confirmed. 

The red ochre employed had the composition represented by the 
formula 7Fe 2 0 3 ,3IT 2 0. As in the case of lampblack, so with ochre 
(loc. cit.), an optimum concentration of soap solution exists, from 
which the rate of deposition of the ochre is a minimum. This 
concentration is about 0‘5%. The colloidal compound formed between 
soap and ochre is slightly soluble in water, so that all the solutions 
used retained a red colour even after the deposition of the, ochre. 
Evidence as to the formation of this colloidal compound was obtained 
by analysis of soap solutions in water or methyl alcohol, in which 
ochre had been suspended. The ashes from these were less in amount 
than those from the original soap solutions, showing that a portion oi 
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the soap had . bee£ the ochre. It appears, therefore, 

that, the soap fsTtfecomposed into a basic portion 

and an 'lew portion, the former being carried c d'otfn by the ochre. 
'Pbe’ deposition of ochre from suspension in water is accelerated ^by 
alkalis or acids fp long as more than 0*078% of alkali or more than 
0*0001% of acid is present. ;-;y 

Water containing ochre in suspension may he filtered clear 
eventually by passing it many times through filter paper, but the 
ochre deposited in such filter paper is again carried through by soap 
solution. The amount of ochre thus carried through by soap solution 
does not increase with the concentration of the latter until this falls 
below 0*2o%. 

Soap solutions tend to flocculate colloidal solutions of ferric 
hydroxide, and a minimum molecular concentration (1 mol. soap to 
2*16 mols. of ferric oxide) exists, at which turbidity but no precipita- 
tion occurs, and a maximum concentration (1 mol. soap to 3*47 mols. 
of ferric oxide), at and beyond which complete flocculation of the ferric 
compound takes place. The precipitate formed is yellow in colour, 
but on drying becomes chocolate-browo, and is a colloidal compound^ 
of soap and ferric hydroxide having the formula 

38Fe a 0 2 ,9(NaC l7 H ss 0 2 ),71H 2 0. 

It does not adhere to glass, paper, or skin, and is quite different in 
properties from “ ferric soap ** prepared in the usual way by double 
decomposition. The results indicate that the detergent property 
of soap for ferric hydroxide is due to the formation of a colloidal* 1 
compound of the two substances, which no longer has the property of - 
adhering to fabrics or tissues. T. A. H. vr 

Hydroxyaliphatic Acids from the Products of the Inter- 
action of Hypochlorous Acid or Chlorine and the Glycerides 
of Aliphatic Acids of Animal or Vegetable Origin. Georges 
Ijiberi and Consortium f(;r Elektrochemische Industrie (D.R.-P. 
214154. Compare Abstr., 1909, i, 875). — Instead of preparing the 
dihydroxyaliphatic acids from the product of the action of chlorine or 
hypochlorous acid on the fatty acids themselves, their glycerides may 
be employed, and the hydrolysis of the dichloro- or chlorohydroxy- 
glyceride can be effected at the same time as the replacement of 
chlorine by hydroxyl. 

The glyceride of chlorobydroxy stearic acid, obtained by the action 
of hypochlorous acid on olive oil, was heated with a 7% solution of 
sodium carbonate at 150°, and the dihydroxystearic acid precipitated 
with sulphuric acid. 

The glyceride of diclilorostearic acid, produced by the action of 
chlorine on olive oil, is hydrolysed in the same way. F. M. G. M. 

Stereochemistry of the Glutaconic Acid Group. Franz Feist 
(Annalen, 1909, 370, 41 — 60. Compare Perkin, Trans., 1897, 71, 
U82*; 1902, 81, 246; 1903, 83, 8, 771).— A theoretical paper 
devoted to a discussion of the stereoisomerism of alkyl derivatives of 
glutaconic acid and of the observations recorded in the following 
abstracts and p. i, 39. 
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It is found that a-methylglutaconic .acM ip analogy to /5-methyl, 
glutaconic acid {compare. -Feist; Akst?., 1906, 1 ;^ 334) exists m two 
stereoisomeric modifrcafions, thus providing another case against the 
view advancediby Thorpe (Trans., 1905, 87, 1669). Attempts to 
prepare two isomeric /3-phenylgiutaconie acids have been unsuccessful. 

Albany alkyl derivatives of glutaconic acid have been isolated in one 
form only, and in cases where the anhydride has been prepared, as, for 
example, the ay-dimethyl, /3-methyl-a-ethyl, and a/?y*trj methyl deriv- 
atives, these compounds have been regarded as the cw-modifications. 
The great stability of these compounds and the impossibility of con- 
verting them into the more stable tfrajw-isomerides made it appear 
probable that, notwithstanding the close relationship existing between 
the acid and its anhydride, the acid might be the £ran«-form produced 
by the spontaneous transformation of the cis-isomeride at the moment 
of its production from the anhydride. Attempts were made, there- 
fore, to prevent the transformation of the cw-compound into the 
trms-form by acting on the anhydride with alkali in the presence of 
an anti-catalyst, and with success; for example, the anhydride of 
a-methylglutaeonic acid when treated with alkali in the presence of 
casein and subsequently with silver nitrate yields a silver salt, which, 
when decomposed by hydrogen sulphide, gives the cis-acid, m. p. 118°; 
in the absence of casein, the trans-acid, m. p. 145 — 146°, containing 
traces of the cis-isomeride, is obtained. 

The effect on the stability of the stereo-isomerides produced by the 
replacement of the various hydrogen atoms of glutaconic acid by 
alkyl groups may be summarised as follows : (1) Keplaeement of the 
two a-hydrogen atoms renders the isomerides very stable; they cannot 
be converted one into the other ; if only one atom is substituted, then 
the isomerides may with difficulty be transformed one into the other. 
The effect of alkyl groups in the a-position is neutralised to some 
extent by substitution of a,/?- or y-hydrogen atom ; thus, ew-oaytri- 
methylglutaconic acid passes quite readily into the tfra?i£-acid. (2) The 
compounds obtained by replacing a /?- or y-hydrogen atom by an 
alkyl group, even if one of the a-hydrogen atoms is likewise replaced 
by an alkyl group, have been obtained only in the stable ftww-foriu, 
with the exception of /? methylglutaconic acid (compare Perkin, 
Trans., 1902, 81, 246; Thorpe, Trans., 1905, 87, 1669 ; Perkin and 
Thorpe, Trans., 1898, 71, 1182). 

The readiness with which the glutaconic acids yield anhydrides 
depends largely on the position of the alkyl groups ; in agreement 
with the results of Victor Meyer and of Auwers, the tendency to form 
an anhydride is increased by the accumulation of alkyl groups, but it 
is found that substitution of the /5-hydrogen atom leads more 
particularly to the ready formation of anhydrides; thus, a/Jytri* 
methylglutaconic acid, a/3-dimethylglutaconic acid, /3-phenyl glutaconic 
' acid, and /3- methylglutaconic acid yield anhydrides when fused, whereas 
ay-dimethylglutaconic add and a-methylglutacouic acid do not yield 
anhydrides when treated similarly. ... 

The stability of the anhydrides towards the addition of water, n e- 
wWS'be ability of the various glutaconic acids to form additive 
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group, but rules 
W. H. Gr. 

Stereoisomeric a-Methylglutaconic Acids. Franz Feist and 
Q.. Pomme (. Annalen , 1909, 370, 61 — 72. Compare preceding abstract). 
—Ethyl sodiodicarboxyglutaconate when treated with an alcoholic 
solution of methyl sulphate yields ethyl dicarboxymethylglutaconate, 
which, when hydrolysed with aqueous alkali or hydrochloric acid, 
yields a mixture of two isomeric a-methylglutaconic acids, melting at 
145—146° and 118° respectively. The acid m. p. 145 — 146°, first 
described by Conrad and Outhzeit, is shown to bo the fa*cma-modifiea- 
tion, since a-methylglutaconic anhydride absorbs water from the air, 
yielding the acid, m. p. 118°, and when treated with alkali in the 
presence of casein yields the same acid, m. p. 118°; the crystalline 
calcium (2£H 2 0) and barium (2H 2 0) salts were analysed; the acid 
changes partly into the cis-isomeride when treated with dilute hydro- 
chloric acid or aqueous sodium hydroxide. 

cis-a-Methylglutaconic acid, C 6 H s 0 4 , in. p. 118°, does not alter when 
fused, but is partly converted into the iraws-isomeride by hot dilute 
hydrochloric acid ; the barium (2H 2 0) and calcium (4H 2 0) salts were 
analysed. 

a-Methylglutaconic anhydride , C 6 H 6 0 3 , cannot be prepared by the 
action of acetyl chloride or thionyl chloride on the acid, but is 
obtained by treating the acid with phosphorus pentachlorid^e ; it 
crystallises in loDg needles, m, p. 85°, and when warmed with aniline 
yields the semianilide, C0 2 H‘CHMe*CH:CH’CO*NHPh or 

C0. 2 II*CIi:CH‘CHMe-CO-]S"HPh, ■ 

crystallising in white needles, m. p, 165°. 

trans a-Methylglutaconic acid interacts (1) with aniline at 150°, 

yielding a-metkylglutaconanil, ^Q^>NPh, which crystal- 

lises in needles, m. p. 229°, and (2) with hydrohromic acid in glacial 
acetic acid, with the formation of bromo-a-methylglutaconic acid , 
0 6 H g 0 4 Br, crystallising in needles, m. p. 141°. 

An attempt to prepare a-inethylglutaconie acid by reducing ethyl 
inethylacetonedicarboxylate, heating the product with acetic anhydride, 
and hydrolysing the ester so formed, led to the isolation of a substance, 
C n H 14 O e , m. p. 141°. W. H. G. 

ay-Dimethylglutaconic Acids. Franz Feist and R. Reuter 
{Annalen, 1909, 370, 82 — 92. Compare preceding abstracts; 
Reformatzky, Abstr., 1899, i, 481 ; Blaise, Abstr., 1903, i, 400, 548). 
— The object of this investigation was to prepare a second ay-dimethyl- 
glutaconic acid by making use of casein as an anti-catalyst ; this could 
not be done, however, owing to the impossibility of preparing a 
normal anhydride of the acid. ay-Dimethylglutaconic acid does not 
pass into the anhydride when fused or when heated with acetyl 
chloride, thionyl chloride, or concentrated sulphuric acid. When 
warmed with phosphorus pentachloride it yields small quantities of a 


products, depend** largely dh the position of the 
0 f general jEq?E,licabiTity cannot be given. 
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substance , • c^RtalHfting frn * small nee(i j eg 

nL ^p.JSj|^83 0 , an^rSfatively largf* quantities of a substance, the 
properties of which are most in accord with the formula ’ 

, CMe — CO*C:CMe — (j?0 

m „.. : 0H ^CHMe-CO*CMe-CO-C 

The latter substance forms white crystals, m. p. 207 — 208°, and under 
goes the following changes : (1) when boiled with water it yields the 
dibasic acid, C 14 H 16 O f> , m. p. 176 — 1 76*5° (decomp.) ; (2) when treated 
with aniline, it yields the semianilide , C0 2 H*C 12 H u 0 2 'C0*NHPh 
m. p. 247 — 248°, and a substance, m. p. 151°, obtained as a white 
powder; (3) it is converted by a solution of sodium methoxide 
in methyl alcohol into the methyl hydrogen ester, 
C0 2 H*C 12 H 14 0 2 *C0 2 Me, 

a white, crystalline substance, m. p. 183 — 183*5°; and a crystalline 
substance, O 15 H 20 O 4 , m. p. 142 — 143°; (4) it combines with bromine 
yielding a difiromo-derivative, C 14 H 14 0 5 Br 2 , m. p. 16 3°. W. H. G. 


Derivatives of Propylsuccinie Acid. Bene Locquin (Bull Soc, 
chim 1909, [iv], 5, 1071 — 1074). — Propylsuccinie acid (m. p. 91 — 92°) 
was prepared by Waltz’s process (Abstr., 1882, 948), and converted into 
thef anhydride, b. p. 145 — 150°/13min., by heating it, complete trans- 
formation being secured by boiling the product with acetic anhydride. 
The following new derivatives suitable for the identification of the 
A|id are described. 

‘ With aniline the anhydride yields the monoanilide , m. p. 123 — 126°, 
which crystallises from benzene on adding alcohol, and on heat- 
ing at 180 — 200° during fifteen minutes passes into the anil, 
m. p. 83°, which crystallises from a mixture of alcohol and lightj 
petroleum. * j 

Ethyl propylsuccinate has b. p. 132 — 134°/25 mm. The methyl 
ester, b. p. 1 07°/l 1 mm. or 112°/15 mm., on treatment with ammonia 
yields the diamide , m. p. 234 — 235°, which crystallises in colourless 
needles from alcohol containing acetic acid. With hydrazine hydrate 
the methyl ester yields the dihydrazide , m. p. 17G°, which separates 
from alcohol as a white powder, and condenses with benzaldehyde to 
give a dibenzylidene derivative, m. p, 226°, a white powder, which is 
difficult to purify by reason of its insolubility in organic solvents. 

V T. A. E. 

Cholic Acid. I. Martin Schexck (Zeitsch. -physiol . Chem., 1909, 
63, 308 — 312), — When an alkaline solution of dehydrocholic acid 
(Hammarsten, Abstr,, 1881, 624; Mylius, ibid,, 1886, 952 ; 1887, 983) 
is reduced electrolytically, using lead terminals and a porous cell, the 
chief product is reductodehydrockolic acid , C 24 H 3G 0 5 , a compound inter- 
mediate between cholic and dehydrocholic acids. The acid crystal- 
lises from benzene in minute, colourless needles, m. p. 188°, and yields 
a dioxime , O 24 K 30 O 3 (NOH) 2 , which crystallises from alcohol in slender 
nellies decomposing at 254 — 256°. J. J. >S. 
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Americjan^Qploplipny. »PaulL?vy 1909, 42, 4305—4308). 
_-\Vbe;n .so.dw^ 1 abtefdte from. Amerieaiycojpphouy is oxidised with a 
2% t potassium permanganate at the otflinary temperature, 

the products are telrahydroxyabielic acid, propionic acid, iaobutyrio 
acid and resing. ^The tetrahydroxy-derivative, C 20 H 34 O 6 , is separated 
from the resins by treatment with acetone, when it forms a colourless 
powder/which crystallises in well-developed crystals, m. p. 246—247® 
(decomp.)* The silver salt, C 2fl H 33 O rt A g, 2 ■ 5 H 2 0, and barium salt, 

are described. _ * 

The tetrahydroxy-acid is probably identical with Fabrion’s fcetra- 
hydroxysylvic acid (Abstr., 1901, i, 166), and the formation of»the 
acid is regarded as supporting the author’s view that abietic acid 
contains two ethylene linkings. J. J. S. 

Catalytic Preparation of Unsymmetrical Aliphatic Ketones. 
Jean B. Senderens {Compt. rend., 1909, 149, 995 — 997. Compare 
Abstr., 1909, i, 286, 627). — The method for the preparation of 
symmetrical ketones already described has now been extended to the 
production of mixed ketones ; thus methyl ethyl ketone is obtained 
by passing a mixture of the vapours of acetic and propionic acids over 
thorium dioxide at 400 — 430°. Acetophenone and acetone are 
obtained when acetic acid (3 mols.) and benzoic acid (1 mol.). are 
employed. The separation of the unsymmetrical ketones from the 
accompanying smaller quantities of symmetrical products is easily 
effected by fractionation. W . O. 

Synthesis of Ketones by means of Organo-magnesium 
Compounds. fJuLius Salkind and (Madame) T. Berurischwili 
{Ber., 1909,42, 4500 — 4502). — The diminution of the reactivity of tlje 
, carboxyl group towards organo-magnesium compounds, produced by a 
second carboxyl group (compare Simonis and Arand, Abstr., 1909, i, 
932), probably accounts for the formation of esters of /J-keto-acids by 
the action of magnesium fon esters of a-bromo-acids (compare Abstr., 
1907, i, 22 ; Zeltner and Reformatsky, Abstr., 1907, i, 23 ; Salkind and 
Baskoff, J. Hues. Phys. Chem. Soc 1908, 40, 327). In this case the 
magnesium compound, MgBr*CIIR’C0 2 Et, formed in the ordinary 
way, condenses immediately with its own carboxyl group, yielding a 
product of the formula : MgBr*CHR*C(OEt)(OMgBr)'CHR*C02Et, 
which gives a good yield of a substituted acetoacetio ester when 
decomposed by means of water. Tertiary hydroxy-acids are never 
obtained in this way, so that with them, addition of a second molecule 
of the Grignard compound does not occur. . . 

The authors have investigated the action of Grignard’s compounds 
on the sodium salts of carboxylic acids (compare Grignard, Abstr., 
1904, i, 213; Farbenfabriken vorm. Friedr. Bayer & Co., Abstr., 
1906, i, 660). When perfectly dry sodium acetate or propionate is 
added, with cooling and continual stirring, to the calculated propor- 
. tion of the organo-magnesium compound, and the mixture decomposed 
after twenty-four hours by iced water, the ketone is obtained, the 
yield of crude product being 2*5—27%. Thus, with magnesium iso- 
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butyl bromide and sodium acetate, methyl tsobutyl ketone is obtained • 
with magnesium isoamyl Iodide' and sj&dium acet4te, fc methy 1 ^ oam j 
ketone ; jyjth magnesium phenyl bromide and sodium acetate, aceto 
pbenone ; and with magnesium ethyl bromide and sodium propionate 
dietjhyl ketone. T. H. P ’ 

The Hexosephosphate Formed by Yeast-Juice from Hexose 
and a Phosphate. William J, Young (Proc. Hoy. Soc ., 1909, B 8i 
52S — 545. Compare Abstr., 1905, ii, 109; 1906, i, 470; 1908, 
590; 1909, i, 863). — The compound formed during the aeceloratod 
fermentation of dextrose, lsevulose, and mannose by yeast-juice in the 
presence of a soluble phosphate is a salt of an acid which probably 
has the formula C fl H 10 O 4 (PO 4 H 2 ) 2 , and may be isolated by precipitation 
of its lead salt. The free acid may be obtained in solution by decom- 
posing this lead salt with hydrogen sulphide. The acid is very 
unstable, and readily decomposes on keeping, or on evaporating even at 
the ordinary temperaturo in a vacuum over sulphuric acid, with forma- 
tion of a reducing substance and phosphoric acid. It reduces Fehling's 
solution, but no osazones or hydrazones have been obtained from it. 
No differences have been detected between the hexosephosphoric acids 
or their salts, whether derived from dextrose, lsevulose, or mannose. 
The salts of lead, barium, silver, and cadmium have been prepared. 

■ *r G.S.W. 

Platinum. Alexander Gutbier and Fit. Bauriedel (Ber., 1909,42, 
4243 — 4249. Compare Abstr., 1903, ii, 488). — In connexion with the 
revision of the atomic weight of platinum, the authors have prepared 
a number of substituted ammonium salts of hydrogen platini bromide. 
A solution of hydrogen platinichloride was evaporated on the water- 
bath six times with concentrated hydrobromic acid. The residue was 
then treated several times in a similar manner with hydrobromic acid ; 
containing bromine, and the final residue dissolved in dilute hydro- 
bromic acid. In this way a dark carmine-red solution was obtained, 
from which crystals of hydrogen platinibromide, H i} PtBr c ,9H ; ,0, 
separated on evaporation over lime. By the addition of solutions of 
substituted ammonium bromides to this solution, the following platini- 
bromides were precipitated in a pure condition. 

Methylammonium platinibromide, {NIl 3 Me) 2 PtBr B : light brown to 
reddish-brown, six-sided, regular plates, which are still solid at 260°. 

Dimethylammonium platinibromide, (NH 2 Me 0 ) 2 PtBr 6 : slender, red, 
rhombic prisms, m. p. 232° (decomp.). Trimetkylammonium platini- 
bromide , (NHMe s ) 2 PtBr 6 : dark red octa- and hexa-hedra, m. p. 
253 — 254° (decomp.). Etkylammonium platinibromide , (NH 3 Et) 2 PtBr 6 : 
yellowish-red, six-sided, regular plates, which are still solid at 
264°. Diethylammonium platinibromide, (NH 2 Et, 2 ) 2 PtBr, 5> monoclinic 
plates, m. p. 251 — 252° (decomp.). Tri&thylammonium platini- 
bromide , (NHEt 3 ) 2 PtBr 6 : ruby-red crystals, probably monoclinic, m. p. 
231 — -232°. n-Propylammonium platinibromide, (NH 3 Pr ft ) 3 PtBr c , red, 
monoclinic plates, m. p. 257 — 258° (decomp.), iso Propylammonium 
platinibromide, (NH 3 Pr^) 2 PtBr 6 : yellowish- red, six-sided plates, m. p. 
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267°. n-Butylamnwnium platinibromide, (C 4 H 0 *N H 3 ) 2 PtBr 6 : yellow- 
ish-red, six-sided'piateg^ m. p. 256°. isoButylammonium platinibi-omide, 
: ruby-red, monoclinic prisms, m. p. 266°. Ethyl 
e nedidmMonium platinihromide, C 2 H l0 N 2 FtBr,, : red, six-sided prisms, 
which remain solid at 270°. Propylenediammonium platinibromide, 
C.H 12 N 2 PtBr 6 : dark red prisms, which are still solid at 270°. 

T. S. P. 

Preparation of Hydroxamic Acids from Hydroxylamine 
Salts of Organic Acids. Lauder William Jones and Ralph 
Oespeb, (Amer. Chem. J.> 1909, 42, 515 — 520). — When hydroxylamine 
formate (Sabeneeff, Abstr., 1900, ii, 14), m. p. 76°, is left for 
several weeks at the ordinary temperature, or heated for a few 
minutes at its m. p., it is partly converted into formhydroxamic 
acid. If, however, the salt is heated above 80°, violent decomposition 
occurs. The reaction is reversible, and it is shown that form- 
hydroxamic acid can be synthesised by treating hydroxylamine with 
dry carbon monoxide. When hydroxylamine acetate is heated at 90° 
in a sealed tube, acethydroxamic acid is produced in a yield of about 
25—30%. Preliminary experiments have shown that hydroxylamine 
benzoate and anisate also yield tho corresponding hydroxamic acids 
when heated slightly above their in. p.’s. E. G. 

Reaction between Hydrogen Sulphide and Cyanaminodi- 
tkiocarbonates. Arthur Rosenheim (Her., 1909, 42, 4439 — 4440), 
— Polemical. A reply to Hantzsch (Abstr., 1909, i, 894 ; compare 
Rosenheim, Levy, and Griinbaum, ibid., i, 776). R. V. S. 

Dithiourethanes. II. Preparation of Tbioglycols from 
Bisdithiourethanes. Julius yon Braun (Ber., 1909, 43, 
4568—4574. Compare Abstr., 1902, i, 271). — The behaviour of 
dihalogen substituted aliphatic hydrocarbons towards dithiocarbamates 
has been studied to test the influence of the distance between the 
halogens on the introduction of the thiourethane complex. The reaction 
between <W-di-iodo-ethane, -propane, -butane, -pentane, -hexane, 
and -decane and a dithiocarbamate takes place readily and with equal 
velocity at both euds of the molecule, forming only bisdithiourethanes, 
NRg'CS'S^CHj^S’CS^R.,. and never iododithiourethanes, 
NR,‘CS-S-[CH s ]*-L 

The products are indifferent substances ; the piperidine derivatives, 
C 5 NH 10 ;CS*S*[CH 2 ] x *S*CS-C 5 KH 10 , have been analysed. They 
crystallise remarkably well, and the melting point only slowly falls 
with an increase in the length of the chain. The propane derivative 
has m. p. 140°; “butane derivative, m. p. 125° j pentavA derivative, 
ru, p. 103° j hexane derivative, m. p. 94°; decane derivative, 
m, p. 90°. 

The di-iodo-coinpounds interact similarly with carbon disulphide 
and primary amines, but the dithiourethanes formed are more soluble, 
and were only obtained as viscid oils which decompose when 
warmed. 

On mixing finely powdered ammonium dithiocarbamate with the 
di-iodo-compounds in alcoholic solution, a colourless precipitate 
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gradually forms; the time of formation of this does not seem to 
depend on the molecular •weighl of >the iodide. TFbs bfsdithiourethane s 
formed we not obtained quite purh, and did not show sharp melting 
points. They softened from 100° to 150°. When warmed with 
potassium hydroxide, they are converted into the corresponding 
th$> glycols. ^ _ r 

* 'Butylene a& dithiol, HS , [CH 2 ] 4 *SH, is a colourless oi) 
b. p. 105 — 106°/30 mm. ; the benzoyl derivative forms long needles* 
m. p. 49°. 

Hexylene « l-dithiol, HS-[OH 2 ] 6 *SH 5 has b. p. 118 — 119°/15 mm. ; the 
benzoate has m. p. 57°. 

Decdene a K-dithiol has b. p. 176°/16 mm., m. p. 20°; the benzoate 
has m. p. 55°. It is almost without odour. E. F A. 

Compounds from Guanylcarbamide and Diguanide. Julius 
Soll and Albert Stgtzer (Ber., 1909, 43, 4532 — 4541).^On 
evaporating dicyanodiamide with mineral acids, salts of guanylcarbamide 
are obtained, from which the free base has been prepared. To prepare 
dicyanodiamide, crude commercial cyanamide is stirred to a paste with 
water, boiled, and filtered hot ; the dicyanodiamide crystallises from 
the filtrate. When evaporated with sulphuric acid, guanylcarbamide 
hydrogen sulphate , NHI^NHg^NII’CO'hTH^HgSO.p is formed, which 
when decomposed with barium hydroxide gives guanylcarbamide. This 
crystallises from alcohol 4 - 0 2 U d 0 in lustrous, glass-like prisms, which 
very rapidly take up carbon dioxide from, the air. The alcohol 
evaporates in a desiccator. The free base has m. p. 105° ; it evolves 
ainmonia’at 160°, or on boiling with water. The picrate crystallises in 
yellow plates, m. p. 265° to a clouded, yellow mass v decomp. 285°; it 
may be used to estimate guanylcarbamide quantitatively. The heat 
of combustion of guanylcarbamide nitrate is 32 7 ‘4 Cal. Guanyl- 
carbamide condenses readily in alcoholic solution, forming pyrimidine 
bases. 

Guanylcavbamidesulphonic acid, C 2 H 5 0N 4 *S0 3 H!, is obtained by 
heating guanylcarbamide sulphate with acetic anhydride ; it crystallises 
in prisms, decomp. 220 — 230°; the ammonium salt forms short, thick 
prisms, m. p. 165 — 167°; the barium and ccdcium salts are similar. 
Acetic anhydride and sulphuric acid convert the sulphonic acid into 
acetylguanylcarbamide. 

Acetylsulphuric acid acts on acetanilide to form acetylsulphanilic 
acid, crystallising in long needles from acetic acid (compare Schroter, 
Abstr., 1906, i, 415). 

Guanylcarbamide condenses with monochloroacetic acid on heating 
to guaninoacetic acid (Ramsay, Abstr., 1909, i, 88). It forms a 
picrate crystallising in plates, m. p. 235 — 237°, differing from that 
described by Ramsay, m. p. 201° {loc. cit.). The new guaninoacetic acid 
is probably bimolecular ; when boiled with hydrogen chloride, the 
hydrochloride of unimolecular guaninoacetic acid is formed, which gives 
the picrate, m. p. 202°. E. F. A. 

Amotion of Hydrogen Chloride on Acetone Cyanohydrin. 
A. J, Ult^e ( Rec . trav. chim 1S09, 28, 349 — 353. Compare Pinner, 
Abstr., 1884, 1292). — When dry hydrogen chloride is passed into 
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acetone c; 

formed* , 
The 'fir* 


'drin, cooled to. 0°, two condensation products are 

' • r ; .- /' 


The’fir^tj^ these is ari imino-elher hydrochloride, 

o 8 h 14 o 2 n 2 ,hci,h 2 o, 

jn/p* 2^1° (^ ecom P-)i an ^ undissolved when the reaction 

product is mixed with rather less than its own volume of water, f it 
is readily soluble in water, is precipitated therefrom by hydrochloric 
ac jd and, on addition of alkalis, yields the imino-ether , which does not 
melt even at 280°, and on boiling with excess of alkali dissolves with 
evolution of ammonia, but, unlike most substances of this class, is not de- 
composed by water. The formula HO’CMe^CfNH^O’CMe/CN or 

is provisionally assigned to this substance. 

The second product - , C 12 H 19 0 5 £f, rn. p. 193°, separates almost at once 
in colourless crystals from that part of the reaction mixture which is 
miscible with water. It is slightly soluble in water, readily so in 
chloroform, acetone, or alkalis, but is precipitated from solutions in 
alkalis by acids. When boiled with alkalis, it evolves ammonia, and 
on long boiling with hydrochloric acid forms a-t>obutyric acid. The 
following formula is provisionally assigned to this product : 

0— CMe/CO-iai 
OMe./CO-O-CMe^ 00 * 


Constitution and Behaviour of Semicarbazidesemicarb- 
azones. Hans Rupe and Sidonius Kessler ( B&t 1909, 42* 
4503 — 4510). — Mesityl oxido semicarbazidesemicarbazone, 

NH 2 *Ca-NH*NH-CMe 2 *CH./CMe:K-NH-CO-NH 2 , 
obtained in tlie form of the hydrochloride by the gradual action of 
semicarbazide hydrochloride on mesityl oxide, is stable in dilute 
aqueous alkalis, giving solutions which reduce ammoni^cal silver 
nitrate and Fehling’s solutions ; the hydrochloride , C 8 H 19 0 2 N 6 C1, 
forms microscopic, white needles, m. p. 211 — 212° (decomp.). 

When a solution of the above semicarbazidesemicarbazone in dilute 
hydrochloric acid is treated with benzaldehyde, the semicarbazide 
residue united by a double linking to tho carbon atom of the ketonic 
group is removed and benzaldehydeseiuicarbazone formed, together 
with diacetonesemicarbazide, NH 2 *CO*NH*NH*CMe 2 , CH. 2 *COMe, 
which can be separated as a nitroso- derivative, If the aqueous solution 
containing diacetonesemicarbazide hydrochloride is left for some time 
and then extracted with ether, the latter contains the compound 
obtained (1) by Scholtz (Abstr., 1896, i, 343) by distilling mesityl 
oxide setnicarbazone ; (2) by Harries and Kaiser (Abstr., 1899, i, 637) 
by the direct action of semicarbazide hydrochloride on mesityl oxide, 
and (3) by Rupe and Schlochoif (Abstr., 1904, i, 144) by boiling 
mesityl oxide semicarbazidecarbazone with water. This compound, 
m. p. 131°, being formed from diacetonesemicarbazide, cannot be 
represented by the first of the two formulae given by Harrios and 
Kaiser [loc. cit.). although the evidence is insufficient to establish the 
accuracy of the second formula. In aqueous solution the compound 
reduces gold chloride in the cold and ammoniacal silver solution on 
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heating; by 10 — 15% sodium hydroxide solution it is only slowly and 
sparingly decomposed, with evolutions of ammonia, and boiling with 
acids does not result in the removal of a ‘CO'NH^, group, 
nitrous acid, it yields mesityl oxide and carbamineazoimide (Thiele 
and Stange, Abstr., 1895, i, 252), which can arise only from a semi- 
carbazone or from free semicarbazide, so that the ring-compound would 
appear to have been first resolved. 

Nitrosodiacetonesmivkarbazide, 

NH 2 -CO*NH*N(NO)*CMe 2 -CH 3 -COHe, 
prepared by the action of nitrous acid on diacetonesemicarbazide or 
together with carbamineazoimide, by the action of nitrous acid 
(2 mols.) on mesityl oxide semicarbazidesemicarbazone (1 mol.), forms 
white, rectangular plates, in. p. 145 — 146° (decomp.), gives Lieber- 
mann’s reaction, is partly decomposed by water or mineral acids, 
forming azoimide, and when heated above its m. p. yields nitrogen 
nitric oxide, carbon dioxide, ammonia, and azoimide. 'With semi- 

carbazide (1 mol.) it gives nitrosodiacetonesemicarbazidesmicarbazone 
NH. 2 -CO*NH*N(NO)-CMe 2 ‘CH 2 -CMe:N-NH-CO-NH 2 , which forms 
small, white needles, m. p. 158°. By alkali in the cold, nitrosodi- 
acetonesemiearbazide is slowly decomposed according to the scheme : 

|>n-conh 2 + H 2 0 N 9 H +C0 J+ NH, 

When nitrosodiacetoneseiniearbazide is dissolved in concentrated 
hydrochloric acid, acetic acid, 40% phosphoric acid, or acetic anhydride, 
and the solution subsequently diluted* and treated with semicarbazide 
hydrochloride and potassium acetate, a compound, C 6 H n 0 2 N 4 , forming 
aggregates of slender needles, m. p. 172°, is obtained, which is decom- 
posed by water or dilute sulphuric acid, giving azoimide, and by dilute 
hydrochloric acid, yielding benzaldehydesemicarbazone. T. H. P. 

Metallic Derivatives of Chloro- and Bromo-acetylene. 
Karl A. Hofmann and Heinz Kirmreuther ( Ber ., 1909, 42, 
4232 — 4238. Compare Abstr., 1908, i, 145). — Mercury tribromo- 
ethylene Hg(CBr!CBr 0 ) 2 , crystallises in well-developed monoclinic 
prisms [a : b : c = 1*4829“: 1 : 0*5637 ; 105°26']. 

Mercury chloroacetylide, Hg(CiCCi) 2 , obtained by shaking s-dichloro- 
ethylene with mercuric cyanide and aqueous potassium hydroxide 
* solution, crystallises in thin, quadratic plates. The crystals exhibit 
strong double refraction, and decompose at 195°. When mixed with 
an ethereal solution of iodine and exposed to sunlight, the mercury 
compound yields chlorotri-iodoethyleue , CCII.CJ 2 , which crystallises in 
long plates, m. p. 78 — 80°. 

Mercury bromoacetylide, Hg(C:CBr) 2 , can be prepared from dibromo- 
ethylene and an alkaline solution of mercuric cyanide, or by passing 
the gases, obtained by the action of alcoholic potassium hydroxide 
on tribromoethylene, into an alkaline solution of mercuric cyanide. 
It crystallises in thin, rectangular plates, which decompose at 
153 — 155 °, and detonate when rubbed on a porous plate. It is volatile 
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in steam, and is decomposed by boiling with dilute hydrochloric acid 
or potassium cyanide solution, yielding bromoacetylene. It readily 
forms an additive compound with mercuric bromide in the form of an 
amorphous powder. Pure chloro- and bromo-acetylene are readily 
prepared by warming the respective mercury compounds with potassium 
cyanide solution, care being taken that the air in the apparatus is 
replaced by hydrogen. W hen chloroacetylene is passed into ammoniacal 
silver nitrate solution, a white precipitate of AgOiCCl is formed. 
This darkens rapidly on exposure to sunlight, and is more explosive 
than silver acetyiide. The corresponding explosive copper derivative 
has also been prepared. 

Chloroacetylene mixed with hydrogen reacts with a saturated 
aqueous solution of mercuric chloride, yielding trichloromercuriacetic 
acid , C(HgCl) 3 *C0 2 H (compare Abstr., 1905, i, 2), in the form of a 
crystalline powder, which is decomposed by hydrochloric acid, forming 
mercuric chloride and acetic acid. The acid dissolves in cold dilute 
potassium hydroxide solution, but, when heated, polymeric mercuri- 
acetic acid is precipitated. When chloroacetylene is led into a solu- 
tion of mercuric chloride and sodium acetate, a precipitate of dichloro- 
monohydroxy-trimercuriaceticacid , OIL Hg* C<HgCl) 2 *C0 2 H, is obtained. 
When dissolved in cold dilute potassium hydroxide solution and pre- 
cipitated with carbon dioxide, tri-hydroxymercuriacelic acid , 
C(Hg-0H) 3 -C0 2 H, 

is obtained as a yellowish-white powder. 

When mercury chloroacetylide is shaken with a solution of 
mercuric chloride and sodium acetate, a precipitate, C 4 H 3 0 2 Cl 4 Hg 3 , is 
thrown down. J, J. S. 

Halogen-amino-acids. VI. Iodo-derivatives of p-Toluidine, 

3 :5-Di iodo-4 aminobenzoic Acid. Henry L. Wheeler and 
Leonard M. Liddle {Amer. Ghem. J 1909, 42, 411 — 461). — The only 
iodo-derivatives of p-toluidine hitherto described are the 2-iodo-deriv- 
ative (Willgerodt and Gartner, Abstr., 1908, i, 876) and a di-iodo-deriv- 
ative (Michael and Norton, Abstr., 1878, 407), which was regarded as 
the 3 : 5-compound. The corresponding di-iodo-derivative of p-amino- 
benzoic acid was also obtained by the latter authors. A study has 
now been made of these di-iodo-derivatives, and several other 
compounds have been prepared. 

Z-Iodo^-toluidine, NH 2 *C 6 H 3 MgI, m. p. 40°, obtained by the inter- 
action of molecular proportions of iodine and p-toluidine, forms 
colourless needles; the hydrochloride , m. p. 188° (decomp.), and the 
oxalate, m. p. 119 — 120° (decomp.), are described. The acetyl deriv- 
ative, m. p. 133°, crystallises in long, colourless prisms, and, when 
boiled with concentrated hydrochloric acid, yields 3 : 5-di-iodo- 
p-toluidine. The benzoyl derivative, m, p, 161°, forms long, colourless 
needles. 

Z-Iodo-p-lolylcarbamide, m. p. 187°, prepared by the action of 
potassium cyanate on 3-iodo-p-toluidine, forms thin, colourless plates, 
When 3-iodo-p-toluidine is heated with potassium thiobenzoate, 
benzenyl-4-amino-3-thiocresol (Hesse, Abstr., 1881, 597) is produced ; 
its platinichioride crystallises with 1H 2 G. 

VOL. XCVIII. i. 
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3 -Iodo - 5(1) - nitroaceto - p - toluidide , N0 2 *C 6 H 2 MeI*NHAc, m 
202— 203°, obtained by the action of nitric acid on 3-iodoaoeto^* 
toluidide, crystallises in prisms. ^ 

When jp-toluidine (1 mol.) is warmed with iodine (2 mo]$) 
presence of water and calcium carbonate, 3 : 5-di-iodo-p-toluidine 
(Michael and Norton, loc. ciL) is produced ; its acetyl derivative m 
226°, forms stout, colourless prisms. 3 : 5-Di-iodotoluene, m, i' 
44*5 — 45 ’5°, obtained hy diazotising 3 : 5-di-iodo-^-toluidme in 
alcoholic solution and boiling the product, crystallises in yellow 
needles. 3:4:5 -Tri-iodotoluene, m. p. 122 — 123°, prepared by the 
diazotisation of 3 : 5-di-iodo-jo-toluidine dissolved in concentrated 
sulphuric acid, forms long, silky needles. 

2~Iodo-Z-nitroioluene } NO^’C^H.Mel, m. p. 67 — 68°, obtained by 
treating the product of the diazotisation of 3-nitro-o-toluidine with 
potassium iodide, crystallises in light yellow plates, and, on reduction 
with ferrous sulphate and ammonia, is converted into 2-io<lo- 
m -toluidine, m. p. 41 — 42°, which forms long, flat prisms and yields an 
acetyl derivative, m. p. 135°. When the product of the diazotisation 
of 2-iodo-m-toluidine is treated with potassium iodide, 2 : Z-di-hdo- 
toluejie, m. p, 31 — 32°, is produced, which crystallises in colourless 
plates. 

%-Iodo-i-acetylaminobenzoic acid , m, p. 230°, obtained by the oxida- 
tion of 3-iodoaceto-^-toluidide with potassium permanganate, forms 
long, colourless prisms. 2-Iodo-3-acetylaminobenzoic acid, in. p. 199°, 
prepared in a similar manner from 2-iodoaceto-wi-toluidide, crystal- 
lises in prismatic needles. When 3-iodo-4-aeetylaminobenzoic acid is 
boiled with concentrated hydrochloric acid, a mixture of ;;-ainmo- 
benzoic acid and 3 : 5-di-iodo-4-aminobenzoic acid is produced, the 
latter agreeing in properties with the compound obtained by Michael 
and Norton (loc. cit.) by the action of iodine monochloride on ^-amino- 
benzoic acid. This compound can also be obtained, but only in poor 
yield, hy the oxidation of 3 : 5-di-iodoaceto-jo-toluidide with per- 
manganate; its ethyl ester melts at 148°. 3-IodoA-aminobenzoic acid, 
in. p. 201 — 202°, is formed as an intermediate product in the prepara- 
tion of 3 : 5-di-iodo-4-aminobenzoic acid by boiling 3-iodo-4 acetyl- 
aminobenzoic acid with hydrochloric acid, but is best prepared by 
the action of iodine monochloride on y?-aminobenzoic acid. When 
potassium ju-aminobenzoate is treated with iodine, ;>iodoaniline is 
formed, but 3-iodo-4-aminobenzoie acid is not obtained, lly the action 
.of iodine on potassium 3 : 5-di-iodo-4-ami nobenzoate, tri-iodoaniline, 
m. p. 184°, is produced. 

3:4 -Di-iodobenzoic acid , m. p. 257°, obtained by the action of 
potassium iodide on the product of the diazotisation of 3-iodo- 
4-aminobenzoic acid, crystallises in needles. 

3 : 5 -Di-iodobenzoic acid, m. p. 235°, prepared by the diazotisation 
of 3 : 5-di-iodo-4-aminobenzoic acid, forms pale yellow prisms. 

3:4: 5 -Tri-iodobenzoic acid , m. p. 288°, obtained by adding potassium 
iodide to the product of the diazotisation of 3 : 5 -di-iodo-4-ami no- 
benzoic acid, crystallises in prismatic needles ; its sodium salt crystal- 
lises with 2^H 2 0. 3 : 5-Di-iodo- 4 -hydroxy benzoic acid was also 

obtained from 3 : 5-di-iodo-4-aminQbenzoic acid by means of the diazo- 
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reaction, but can be most conveniently prepared by the addition of 
iodine to a solution of /3-hydroxy benzoic acid in potassium hydroxide. 
When dipotassium 3 : 5-di-iodo-4-hydroxybenzoate is heated with 
methyl iodide, methyl 3 : ^di-iodo~^-a-,mate } m. p. 95°, is produced. 
3 : o-Di-iodo-p-anisicacid, m. p. 255 — 256° (decomp.), forms colourless 
prisms. E, G. 

Halogen-amino-acids. VII. Iodine Derivatives of o-Tolu- 
idine- 3-Iodoaminobenzoic Acids. Henry L. Wheeler and 
Leonard M. Liddle ( Amer . Chem, 1909, 42, 498— 505),— In an 
earlier paper (preceding abstract), it has been shown that by the 
action of iodine on yj-toluidino, the 3-iodo- and 3 : 5-di-iodo-derivatives 
can be obtained, 

A study has now been made of the action of iodine on o-toluidine, 
and it has been found that in this case only one derivative, namely, 
the 5-iodo-derivative (Artmann, Abstr., 1905, i, 879), is formed, and 
that this can be melted with iodine without further substitution being 
effected. 

2:5 -Di-iodololuene, m. p. 30 — 31 g , obtained by the action of 
potassium iodide on the product of the diazotisation of 5-iodo-o- 
toluidine, forms long, colourless plates ; its acetyl derivative, m, p. 
169°, and benzoyl derivative, m. p. 184°, crystallise in colourless 
needles. By the oxidation of the acetyl derivative with potassium 
permanganate, ^-iodo-2-acelylaminobenzoic acid , m. p. 235° (decomp.), 
is produced, which forms colourless needles, and, when warmed with 
hydrochloric acid, is converted into 5-iodo-2-aminobenzoic acid, 
m. p. 209 — 210°, which is identical with Grothe’s j8-iodoaminobonzoic 
acid (Abstr., 1879, 378). It follows from this that Grothe’s a-iodo- 
amina- and a-iodonitro-benzoic acids are the 3-iodo-2-amino- and 
3-iodo- 2-nitro-derivatives and that his /Liodonitrobenzoic acid is the 
5-iodo-2-nitro-compound. Z-Iodo-o-nilrobenzoic acid, m. p. 167°, pre- 
pared from 3-amino-5-nitrobenzoic acid (Hiibner, Abstr., 1884, 315) 
by means of the diazo-reaction, forms long, slender, pale yellow 
needles; this compound is not identical with Grotho’s y-iodonitro- 
benzoic acid (loc. cit .), and the latter must therefore be the 3-iodo-4- 
nitro-derivative, ‘3-Iodo’5-aminobejizoic acid , m. p. 197°, obtained by 
reducing 3-iodo-5-nitrobenzoic acid with feirous sulphate and ammonia, 
forms long, pale yellow crystals ; its hydrochloride has been prepared. 
On adding potassium iodide to the product of the diazotisation of 
3-iodo-5-aminobenzoie add, 3 : 5-di-iodobonzoic acid is produced, 
identical with that obtained by the authors [loc, cit,) from 3 : 5-di- 
iodo-4*aminobenzoic acid. E, G. 

Nitration of Diethylaniline. Pieter tan Roxiburgii ( Proc . R. 
Akad. Weienscfi. Amsterdam, 1909, 12, 297—303. Compare Abstr., 
1900, i, 214). — A method of obtaining 3 ; 4-dinitrodiethylaniline, 
2 : -1-dinitrodicthylaniline, and 2 : 5-dinitrodiethylaniline from di- 
ethylaniliue is described in detail. 

3 : 4 -Dinitrodwohylaniline, m. p. 95°, exists in a labile, yellow modi- 
fication and a stable, orange form, also in an extremely labile, yellow 
form, It is converted by nitric acid (D 1*37) into 2:4; d-lrinitro- 

c 2 
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diethylaniline, m. p. 158°; if the nitric acid employed contains nitrous 
acid, then 2:4: 5 -trinitroeihylaniliid, m. p. 175°, is formed ; the latter 
substance may also be prepared from the diethyl compound by treat- 
ment with sulphuric acid and sodium nitrite. 

2 : 5 - D initrodiethylanUine forms red crystals, m. p. 76°. 

W.II.G. 


Colour and Constitution. Alfred Werner {Ber., 1909, 42 
4324— 4328).— The author discusses the nature of the linking 
whereby highly coloured additive compounds are formed from poly, 
intro-compounds and aromatic hydrocarbons or aromatic bases. The 
part played by the polynitro-compouud in the formation of the 
additive-compound may be attributable to (a) hydrogen, either 
hydroxylic (in nitrophenols) or nuclear (in trinitrobenzene, picryl 
chloride, etc.), ($) the benzene nucleus, in virtue of its unsaturated 
character, (c) the nitro-group. The first alternative is improbable, 
since colourless triDitromesityleno forms coloured additive compounds. 
The second is negatived by the fact that chloropicrin and tetranitro- 
methane form coloured compounds with aromatic hydrocarbons and 
amines. Siuce the formation of the labile additive compounds 
cannot be determined by the principal valencies of the nitro-gronp, 
the important conclusion is drawn that the appearance of the colour 
must be conditioned in some way by the supplementary valencies of 
the nitro-group. 

With regard to the influence of the aromatic hydrocarbon in the 
production of the coloured additive compound, it is shown that tetra* 
nitromethane dissolves unsaturated aliphatic hydrocarbons and also 
unsaturated aliphatic acids (excepting those containing the double 
linking in the a-position to the carboxyl group) with a yellow colour, 
whilst the paraffin hydrocarbons, and also stearic acid, form colourless 
solutions. Consequently the formation of the additive compound is 
connected with the unsaturation of a hydrocarbon ; as far as can be 
judged at present, the intensity of the colour of the additive compound 
increases with the unsaturation of the hydrocarbon. 

The additive compounds of nitro-compounds and hydrocarbons, 
therefore, are molecular compounds, the formation of which depends 
on saturation of the supplementary valencies between nitro-groups 


and unsaturated carbon atoms. 

From the fact that tetranitromethane develops an intense dark 
brown coloration with trimethylamiue, the author draws the con- 
clusion that in tho additive compounds of polynitro-compounds and 
amines tho nitro-group is joined, not to unsaturated carbon atoms, 
but to the tervalent nitrogen. ^ 


Electrolytic Reduction of 2-Nitrotoluene-4-sulphonyl 
Chloride. Fritz Fichter and Walter Bernoulli (Ber., 1909, 4 , 
4308— 4311).— Aromatic sulphonyl chlorides containing a nitro-group 
are reduced much more smoothly than the compounds descu e 
previously (Abstr., 1907, i, 090), because the nitro-group is 
reduced to an amino-group, and the resulting basic substance iea iy 
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dissolves in the cathodic acid liquor. Thus a suspension of 2-nitro- 
tohien«-4-sulphonyl chloride in alcoholic sulphuric acid is readily 
reduced at a lead cathode below 20 c , using a current density of 0 07 
amperes per sq. cm., and one and a-half times the quantity of 
electricity theoretically required. The product is 2 -aminotolyl 4- 
rnercaptan sulphate , which readily changes to the sulphate of 2-amino- 
tolyl 4 -disulphide by keeping in a loosely closed vessel. %Aminotolyl 
^disulphide, m. p. 82°, forms almost colourless needles, and yields an 
acetyl derivative, m. p. 239°. ' C. S. 


Nitration. VI. Nitroaniline Derivatives of Organic 
Acids. J. Bishop Tingle and G. K Burke (J. Amer. Chem. Soc. f 
1909, 31, 1312 — 1319). — By the nitration of various A-acylanilides, 
Tingle and Blancb (Abstr., 1908, i, 778, 893) have prepared a large 
number of substances, the constitutions of some of which were not 
ascertained at the time, since their determination offered considerable 
difficulty. The present work was undertaken for tho purpose of 
elucidating the structure of these compounds. Two series of 
experiments have been carried out ; in the first series, o-, m-, and p~ 
nitroanilines were treated at the ordinary temperature with various 
organic acids in presence of a solvent, whilst in the second series the 
mixture of acid and nitroaniline was fused, and the heating continued 
until the reaction was complete. The acids employed were formic, 
acetic, stearic, oxalic, succinic, tartaric, citric, benzoic, salicylic, 
phthalic, and picric acids. Tho nitration products of propionanilide 
were also investigated. 

The product obtained by the nitration of propionanilide with nitric 
arid or a mixture of nitric and acetic acids has proved to be unchanged 
propionanilide, whilst the substance obtained by the action of a 
mixture of nitric and sulphuric acids is p -nitrojyropionanilide, m. p. 182°, 
which forms yellowish-brown plates. 

Stearic acid does not unite with any of the nitroanilines; the 
products obtained by Tingle and Blanck in their attempts to nitrate 
s tear anilide consisted of impure stearanilide. 

Oxalic acid does not combine with the nitroanilines. The substances 


obtained by the action of nitric acid on oxalanilide prove to be impure 
oxalanilide. The yellow substance, prepared by the action of a 
mixture of nitric and oxalic acids on oxalanilide, was p -nitro-oxalanilide, 
m. p. 265°. 

Succinic acid does not react with o- or /;-nitroanilines, but on adding 
the acid to melted w-nitroaniline, m-nitrosuccinylphenylimide, 


6h;.co> n -w°* 

m. p. 172°, is obtained, which forms pale yellow crystals. The com- 


pound obtained by Tingle and Blanck on nitrating succinanil was the 
unchanged anil, whilst the compound prepared by the action of a 
mixture of nitric and oxalic acids on succinanilide was a dinilro- 


derivative, m. p. 240 — 243°. 

Tartaric acid does not yield a compound with o-nibroaniline, but 
with m-nitroaiiilino it gives m-nitroaniline m -nitrophenyltartramate, 
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N0 2 ‘C 6 H 4 *NH 2 ,N0 2 -C 6 H 4 *NH-C0-0H(0H)*CH(0H)'C0,Tr ( * 

172°, in the form of small, yellow crystals, and with p-nitroanilfoA 
gives ip-nUrophenyltarlramic acid , 

N0 2 *C 6 H 4 *NH*C0*CH(0H)*CH(0H) , C0 2 H, 
m. p. 218°, which forms bright yellow crystals. The compound 
obtained by Tingle and Blanck from tartranilide and a mixture of 
nitric and oxalic acids is found to be z-va-dinitrotartmnilvle , 

N0 o *C e H 4 -NH-C0-CH(0H)*CH(0H)-C0*NH-C c H 4 -N0 > , 

m. p. 224°*'. * 

Citric acid does not give derivatives with o - and jt?-nitroanilme&, but 
with the m-com pound yields a di-m-iiitroaniline citrate , m. p. OQ" 3 
The compound obtained by Tingle and Blanck by the action of a 
mixture of nitric and oxalic acids on citranilide is cilryl 
nitroanilide, C 3 H 5 0(C0*NH*C 6 H 4 *NO 2 ) 3 , m. p. 122°. The other 
products obtained by the action of nitric acid on citranilide consisted 
of the impure anilide. 

Salicylic and phthalic acids do not react with any of the nitro- 
anilines. Benzoic acid yields small quantities of compounds when 
fused with o- and »i-nitroaniline, but these have not been identified. 

Picric acid does not react with o-nitroaniline, but yields the picrates 
of the meta- and para-isomerides, which have m. p. 147° and 100° re- 
spectively. The compound obtained by Tingle and Blanck bv the 
action of a mixture of nitric and oxalic acids on picranilide is a 
tetranitrodiphenylamine , N()./C t ,H 4 *NH , 0 ( .H 2 (N0 2 ) 3 , m. p. 197 — 200°; 
by the action, of nitric acid on diphenylamine, another tetranilrodi- 
phenylamine , m. p. 275°, is produced. E. G. 


d-Leucyl-J- tryptophan. IIans Fischer ( Ber ., 1909, 42, 
4320 — 4322). — Formyl- Meucine is converted by Fischer’s method 
(Abstr., 1906, i, 808) into £-bromoi$ohexoic acid, and this by phos- 
phorus pentachloride into /-bromoisohexoyl chloride, which is condensed 
with tryptophan (Abrlerhalden and Kempe, Abstr., 1907, i, 652) to 
form l-bromoisohexoyllryptophan. This oily product is dissolved in 25‘a 
ammonium hydroxide, whereby < l - leucyl- \-ir i/ptophan, 

C s H 6 X*CH 2 -CH(C0 2 H)'NH-C0-CH(NH 2 )-C 4 H !1! 
is obtained in needles. The dipeptide does not show the biuret 
reaction, has a sweet taste, is precipitated from acid solutions by plios- 
photungstic add, and has [a]'^ —68*97° in A-liydroeliloric acid. It 
melts at 189° (corr.), but immediately crystallises to a substance, 
probably a tautomeride, melting at 225 — 230°, which can also be 
produced by crystallising the dipeptide from water, alcohol, and ether. 
.Prepared by the latter method, the substance, C l7 H. J3 0 3 X s , darkens at 
230°, and has m. p. 243°; in A T -hydrochloric acid it has [a]’f) J — 73 27', 


Maleic and Fumaric Derivatives of ju-Aminophenols. 
Arnaldo Piutti ( Atli R. Accad . TAncei , 1909, [v], 18, ii, 312—326).— 
The theoretical part of this paper has been already published (Abstr,, 
1908, i, 783), the author now giving the following experimental 
results. 
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n .ffydroxyphenylmaleinamicacidj OH*C,.H,‘NIC(OH)*CH!CH*CO.,H, 
•eoared from jp-ami nophenol and maleic anhydride, separates in crusts 
of slender, yellow needles or in greenish-yellow prisms, m. p. 182°, and 
1'ves no coloration with ferric chloride. 

5 n- Uethoxyphenybnakinamic «ad,0Me , C 6 li 4 ’N!C(0H) , CH;CH , C0 2 H > 
enared from p-anisidine and maleic anhydride, crystallises in canary- 
fellow, dichroic needles or in yellow prisms exhibiting slight greenish- 
" pleochroism, m. p. 180 — 181°, and with ferric chloride gives a 
yellowish-brown coloration changing to violet. 

^ p -Ethoxy phenylrnaleinamic acid , OEt’C&H^NICfOHJ’CHiCH’CO^H, 
repared from jo-phcnetidine and maleic anhydride, crystallises in 
spherical aggregates of -slender, yellow needles or in tufts of canary- 
yellow prisms, showing slight pleochroism, m. p. 181 — 182° (impure), 
and with ferric chloride gives a yellowish-brown coloration changing 
to intense violet. 

, , . cn-c(:N*aH 4 *OHV _ 

p. Hijdroxyphenylmaleimide, ^ 


obtained by 


heatin" p-hydroxyphenylmaleinamic acid with acetyl chloride in 
acetone solution, separates in tufts or rosettes of acicular crystals, 
nn p. 154—155°. 

ptfethoxyphenylmaleimide, 0 n H 9 O 3 N, forms colourless, tubular 
crystals or small needles, m. p. 145—146°. 

n-Moxyphenylmcdeimide, C 12 H n O,N, forms colourless, tubular 
crystals or silky needles, m. p. 127°, gives the normal molecular 
weight in freezing acetic acid, and, on reduction with sodium 
amalgam, yields p-ethoxyphenylsuecinamic acid and its imide (compare 
Abstr. 1896, i, 223). With aqueous or alcoholic sodium hydroxide 
it yields p-ethoxyphenylmaleinamic acid, whilst concentrated hydro- 
chloric acid resolves it into ;>aminophonol and fumaric acid. When 
treated with sodium ethoxide it gives the reddish-violet compound, 
C H l6 0 4 NNa, which, with sulphuric acid, yields the compound, 
CiHn-O.N, as a reddish-brown powder. 

14 4 OH* CO 

s-p -Methoxyphenylmaleimide, jj ^ ( ^ ^ /‘N *C g H 4 , OMe, prepared by 


the action of phosphoric oxide on ^;-methoxy phenylrnaleinamic acid, 
forms slender, yellow needles, m. p. 148 5°, and exhibits normal 
cryoscopic behaviour in acetic acid. 

s-ip-Ethoxyphenylmaleimide, C 12 H 14 0 3 N, obtained from the corre- 
sponding amic acid by sublimation or by the ^action of phos- 
phoric oxide, forms yellow needles, m. p. 134 135°, and has the 

normal molecular weight in freezing acetic acid. 
n-Hydroxyphenylfumaric diamide , 

OH«C 6 H 4 -NH-CO*CH:OH*CO-Nn‘C 6 H 4 *OH, 
exists in two modifications; (1) white, decomp, at 220°, obtained by 
heating the acid fumarate of /Miminophenol at 200° in a current of 
carbon dioxide, and (2) yellow, which is obtained by crystallising the 
white variety from acetic acid, and is identical in properties with the 
white form, 

'p-Methoxyphenylfumaric diamide , C 13 H 18 0 4 N 2 , forms thin, white, 
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silky plates, m. p, 216°, and a yellow, apparently amorphous p 0W( j er 
having corresponding properties. 

p -Ethoxyphenylfumaric diamide, C 20 TI 22 O 4 N s , forms microscopic 
colourless needles, m. p. 223°, and yellow, irregular plates, exhibiting 
marked pleochroism. T. H. p. * 


A 1 : s - Dihydrophenol or A a -cyc/oHexenone. Arthur Kotz and 
Th. Grethe (« J pr. chern., 1909, [ii], 80, 473 — 510). — 
Hexadienol cannot be prepared from aliphatic compounds, hut is 
obtained from cyclohexanone in several ways. 

2-Chloro(or bromo)eyc]okexanone is obtained by passing chlorine 
(or carbon dioxide charged with bromine vapour) into a mixture of 
cyclohexanone, calcium carbonate, and water at 25 — 30° ; the ch loro- 
derivative has m, p. 23°, b. p. 82°/ 13 mm., and the bromo-derivative 
has b. p. 89°/14 mm. A 1 : 5 -cycZolIexadienol is obtained from these 
compounds directly by heating with sodium acetate and glacial acetic 
acid or with ethereal aniline (best method), or indirectly by hydrolysing 
them by conoentrated aqueous potassium hydroxide, the resulting 
cyc\ohexanon-2~ol, m. p. 92 — 92*5°, being converted into the dihydro- 
phenol by anhydrous oxalic acid at 100 — 110 °, or by Tsehugaeff’s 
xanthogenic reaction. 

& l '*-cyc\oIIexadunol, b. p. 63°/ 1 4 mm., D 1S 0*9868, n 1*4796, forms 
a semicarbazone, C 7 H u ON 3 , m. p. 161°, and with 1 mol. of hydroxyl- 
amine hydrochloride an oxime, C^HgON, in. p. 75 — 76°, which 
yields aniline by heating with acetic anhydride and then with 
sodium hydroxide. When the di hydrophenol is kept for eight 
days in a methyl-alcoholic solution of hydroxylamine (2 mok), 

o-hydroxya7/iinocyc\ohexanoneoxime, 

oh-nh-ch^^^ch, 

m. p 49 — 51°, i s obtained, which dissolves in acids and in alkalis 
reduces warm Fehling’s solution, and is oxidised by mercuric oxide ir 
boiling water to ejelokemne - 1 iZ-dioxime, m. p. 155*5°, which yield! 
cycloA#ra«c-l : 3 -dio 7 tc, m. p. 105— 106°, by hydrolysis by 10% sulphuric 
acid. 3-Hydroxylaminocycfohexanoneoxime is reduced by sodium and 
boiling alcohol to 1 : d-diaminocyclohexane^ tho platinichloi'ide of which, 
O 6 H 10 (NH 2 ) 2 ,H 2 PtCl 6 , has m. p. 256° (decomp.). 

Z-Chlorocya\ohexanone , b. p. 91 — 92°/14 min., is obtained by passing 
dry hydrogen chloride into a dry ethereal solution of A 1 ■ ‘-eych- 
hexadienol. The dihydrophenol absorbs bromine, forming a dibromo- 
additive compound, which yields phenol by loss of 2 mols. of hydrogen 
bromide. The di hydrophenol also yields a btnzylidene compound, 

0 HPh : <g^>CH, b. p. 172—175°/15 mm., by treatment 


with benzaldehyde and cold alcoholic sodium ethoxide. r 

The action of carbon dioxide on an ethereal solution of A 1 “-cydo- 
hexadienol in the presence of sodium leads to the formation or 
A 2 -cyc\ohexene-2-one-l-carboxylic acid (A 1 ; "'-dihydrosalicylic acid), the 
ethyl ester of which, prepared from the silver salt, has b. P- 
115—117715 inm. The constitution of the acid is proved as follows. 
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Jn the presence of sodium etkoxide, A 1 : s -c2/cfohexadienol condenses 
with ethyl oxalate to form the ethyl ester, 

CO„EfCO'CH<™i_ C c ^|>CH, 

which gives a red coloration with ferric chloride, and loses carbonic 
oxide by distillation in a vacuum, yielding ethyl A 1 : 3 -dihydrosalicylate, 
b. p. 115°/14 mm. (blue colour with ferric chloride), identical with the 
preceding ester. Since by treatment with potassium and methyl iodide 
in xylene the ester yields the methyl homologue, 

C0 2 EfCMe<^'_ C c ^>CH, 

b. p. 110 — 125°/ 12 mm., which can be converted into 2-methylcycfo- 
hexanone, it must have the constitution assigned to it, and not that of 
k'.cyc]ohexen~2 one-l-carboxylic acid , m. p. 128°, which could not form 
a methyl derivative under the preceding conditions. This acid is 
obtained by heating ethyl lbromocycfohexan-2-one-l*carboxylate with 
sodium acetate and acetic acid, or the corresponding bromo-compound 
with ethereal aniline, and hydrolysing the ethyl A ,J -cyclo/ieaj«n-2-one- 
1 -carboxylate, b. p. 103°/12 mm., produced. It yields A 1 : :> cyclo- 
hexadienol by distillation with soda-lime. 

When an ethereal solution of cyclohexanone is gently boiled with 
sodamidc and the resulting sodium derivative* treated with carbon 
dioxide, eyclohexan^-one-lcarboxylic acid is obtained ultimately ; the 
barium and silver salts are mentioned, and the ethyl ester has b. p. 
10S — 109°/12 mm. 

Ethyl 4-methylcycfohexan-2-one-l-carboxyIate yields ethyl 1-bromo- 
f-methylcyc/ohexan-2-one-l-carboxylate by bromination, which is 
boiled with ethereal aniline, whereby ethyl i-methy l- A. r '-cy c\ohexen-2- 
one-\ -carboxylate, b. p. 113°/12 mm., is produced; tho corresponding 
acid has m. p. 153°, and by distillation with soda-lime yields 5 -methyl- 
A 2 -cycMe#ewrae, b. p. 189°, which forms a semicarbazone, m. p. 158°. 

0. S, 

Synthesis of Octa-, Deea-, and Dodeca - methylene 
Compounds of the Aliphatic Series. Julius yon Braun [and 
A. Trumpler] (. Ber ,, 1909, 43, 4541 — 4554). — On coupling two 
molecules of phenyl S-iodobutyl ether by means of sodium, a&- 
diphenoxy octane is obtained in good yield, aud the yield is increased 
when the same process is applied to the phenyl ethers of iodoamyl or 
iodohexyl to form diphenoxy-decane and -dodecane derivatives. The 
further the iodine is distant from the phenoxy-group the more the 
compound tends to behave as a simple non-substituted alkyl 
iodide. 

The replacement of the phenoxy-group by iodine, effectod by heating 
with hydriodic acid in sealed tubes, becomes more? difficult the larger 
the distance between the phenoxy -groups. Whereas diphenoxypentane 
only requires heating at 120° with 2 c.c. of fuming hydriodic acid per 
gram of ether, both diphenoxyhexane and di phenoxy octane require 
heating at 130 — 135° with 3 c.c. of the acid; diphenoxydecano must 
be heated at 150° with 4 c.c. of the halogen acid, and to convert 
diphenoxydodecanc, it is necessary to heat with a large excess of 
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hydriodic acid at 175 — 180°. This method of preparing di-iodo-par&ffi 
is not available much higher in the series. 

Phenyl S-iodobut.yl ether is condensed in presence of sodium 
atf-diphenoxyoctane, OPh*[CII 2 ] s *OPh (compare Solonina, Abstr ° 
1899, i, 681), m. p. 80°, which, when heated with hydrogen iodide 
135°, forms aO-di-iodo-octam, I , [CH 2 ] 8 *I, h. p. 179 — 180°/ 13 mm at 

aO-Diphenylthioloctane, C s H 10 (SPh) 2 , prepared by the interaction of 
di-iodo-octane, sodium, and thiophenol, is a colourless, crystalline solid 
m. p. 83°. 1 ’ 

aB-Dianilino-octane, C a H 10 (NIIPh). 2 , is formed quantitatively b 

the interaction of the iodide with aniline. It has w. p, ^ i fjov. 

th e pier ate and jufroso-derivative are oily ; the benzoyl derivative U* 
m.p. 110— 112°. 

The condensation of phenyl c-iodoamyl ether by sodium gives rise 
to compounds which may be separated by steam distillation into a voli 
tile and a non-volatile product. The former, b. p. 117 — I2()yi5 
consists of a mixture of phenyl-rc-amyl ether and phenylainylenyl 
ether, CH 2 !CH'[CK.,] 3 *OPh ; when the mixture is heated with hydrogen 
iodide, n-amyl iodide, b. p. 62°/20 mm., aud 1 : 4-di-iodopentane, ]>% 
140°/20 mm,, are obtained, the structure of the latter being proved by 
condensation with aniline to be phenyl-2-methylpyrrolidine (Scholtz 
and Friemehlt, Abstr., 1899, i, 541), b. p. 136 — ld8°/16 mm. : p i cra te, 
m. p, 108 — 109°; platiniehloride, in. p, 135°. 

Amyl iodide, on prolonged heating with potassium cyanide, forms 
hexonitrile, a colourless liquid of penetrating, but not unpleasant 
odour, b. p. 160°. 

The non- volatile portion, ax-d ipheuoxydecane, has m. p. Sj- it 

yields aK-di-iododerane, C 10 H. >0 T o , a faintly-coloured oil, b. p. 212 215 n ' 

16 mm., which crystallises in very stable, lustrous, glass-like crystals, 
m. p. 29 — 30°. The corresponding ax-d iphe nyl tit ioldemne has 
m. p. 85°. 

Decane-aK-dicarboxylic acid, m, p. 125°, is identical with an acid 
described by Nordlinger (Abstr., 1890, 1237), The nitrile , prepared 
by heating di-iododecane with potassium cyanide, is a colourless, 
almost odourless liquid, m. p. 225 --228°/17 mm., which solidifies when 
cooled with ice. 

Di-iododecane, when heated with potassium phthaliniide at 
180 — 190°, forms a pkthalimide, 

OA<oo>2r-lOHA.-»<o^x\H.. 

m. p. 136°. The corresponding phthalamic acid, 
C 10 II 20 {KII-CO-C ( .H 4 -CO,H)o, 

separates in well-formed, colourless crystals, in. p. 129°. When the 
plithalimide is heated for four hours at 180° with hydrogen chloride. 
aK-diaminodecane, m. p. 60 ’, is formed. The dibenzoyl derivative has 
m. p. 152". 

Phenyliodohexyl ether is condensed by sodium to volatile products 
and ap-diphenoxydodecane. It is converted with cliiliculty into 
tt/A-di-iodododecane, m. p. 41°. 

When decane-a/v-dicarboxy] nitrile is reduced, the hydrochloride of 
ap-dunninododecametheme is formed; this does not melt at 250°; the 
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platinichloride , decomp. 225°. The free diamine is a colourless solid, 
in. p. 66— 67° ; the benzoyl derivative has m. p. 153°, and tha benzene- 
sulphonyl compound crystallises in nacreous plates, m. p. 99°. 

E. E. A. 

Monohalogenated Phenols. William J. Wohlleben (Ber., 1909, 
42, 4369 — 4375). — Commercial o-eblorophenol contains phenol, as it 
Yields phenyl benzoate, m. p. 70°, on benzoylation. To purify it, it 
is conveniently shakon with an excess of potassium carbonate and the 
phenol present extracted with ether, o -Cklorophenyl acetate is a clear, 
colourless oil, b. p. 103°/15 mm.,m. p. -20*5° to - 19-5°, D‘f 1-2166. 
o' -Cklorophenyl m-nitrobeazoate crystallises in characteristic bunches of 
prisms, m. p. 98°. 

m -Cklorophenyl acetate is an oil, b. p 1 16*5°/21 mm., Df 1-2209 ; it 
crystallises in needles, m. p. - 1'5° to 0*5°; the benzoate crystallises in 
glistening prisms, m. p. 71 — 72°; the m -nitrobenzoate separates in 
colourless, matted needles, m. p. 91 — 95°. »i*CJhlorophenetole (compare 
Guttermann, Annalen, 1907, 357, 349) is a clear oil with a pleasant 
odour ; b. p. 204 — 205°/717 min., D;f 1*1712. o-Cklovo -p -hydroxy azo- 
benzene, NPbIN*C fl H 3 Cl'OH, crystallises in glistening, orange-red 
needlos, m. p. 114—115°. 

p- Cklorophenyl acetate is an oil, b. p. 1 08°/l 2*5 mm., D'f 1-2248 ; it 
forms long, crystal needles, m. p. 7—8°. All three chlorophenols 
dissolve when shaken with concentrated sodium carbonate, and are 
precipitated by carbon dioxide. -Chloro phenol va-nitrohenzoate forms 

lustrous, silky, concentrically grouped needles, m. p. 124*5°, 
o -Bromopkenyl acetate is a clear oil with an ethereal odour, b. p. 
149—150°, J)f 1-4924, 

iwllromophenyl acetate has b. p. 149° 40 mm., 1);" T5478. Tt does 
not mix with benzene ; the benzoate crystallises in colourless, micro- 
scopic prisms or rhombic plates, ni. p. S6°. 

p Bromopkenyl acetate is an oil of unpleasant odour, b. p. 128°/35 mm., 
which forms colourless needles, m. p. 21*5°; the benzoate, which has 
been variously describod, crystallises from alcohol in colourless, 
rhombic plates, m. p. 104°. 

\>-lodophenyl acetate forms colourless plates, m. p. 32 — 32 5°; the 
benzoate crystallises in colourless, six-sided or rhombic plates, or in 
matted needles, m. p. 11S-5 0 — 119*5°; the m -nitrobenzoate separates 
in lustrous, long, colourless needles, m. p. 120—121°; the benzene - 
sulphonate crystallises in long, colourless plates, or in bunches of 
lustrous, matted needles, m. p. 52 — 53°. E. E. A. 

Preparation of Aromatic Nitrobydroxy-compounds. Richard 
Wot.ftenstein and Oskar Boeters (D.R.-P. 214045. Compare 
Abstr., 1908, i, 629). — It has been shown previously that the 
action of nitric acid on aromatic hydrocarbons in the presence of 
mercury results in the formation of nitrohydroxylated products ; it is 
now found that nitrous acid or the oxides of nitrogen react in a 
similar manner. The treatment of benzene with nitrogen peroxide in 
the presence of mercury yields 2 : 4-dinitrophenol, whilst with fuming 
nitric a n id at a high temperature picric acid is obtained. 

F. M. G. M. 
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Preparation of Arylalkyl^-aminophenola. Chejuische Fa-r r 
auf Aktien (vokm. E. Schering) (D.R.-P. 213592. Compare Abst^ 
1909, i, 914).— The following compounds prepared by the reduct/ ’ 
(with zinc in alkaline solution) of the condensation products f ro 
substituted p-aminophenols and aromatic aldehydes are employed f 0r 
photographic purposes. L 

Z-CklorO'i-benzylideneaminophenol , m. p. 180 — 181°, from the coa 
densation of benzaldehyde with 3-chloro-4-aminophenyl sulphate, yields 
on reduction, 3ddoro-i-benzylaminophenol> which was not obtained ia 
crystalline form ; its crystalline hydrochloride has m. p. 195° (deeoina'i 
i-BenzylideneaminO'in-cresol, m. p. 133°, prepared from 4 -am in o-?^ 
tolyl sulphate and benzaldehyde, yields, by reduction, 4 -bmzylamino-m. 
cresol, which separates in the form of its sparingly soluble sodiifM'gait * 
the hydrochloride has m. p. 220° (decomp.), and from this, on treat 
ment with sodium sulphide, the free base, m. p. 84°, is obtained, 

F. M. G. II 


Estimation of Ortho- and Para-Sulpho groups in Phenol- 
sulphonic Acids. Julius Obermiller ( Ber. t 1909, 42, 4361—4369). 
— It is well known that by treatment with bromine, phenol sulphonic 
acids lose their o- and ynsulphonic groups, which aro eliminated 
as sulphuric acid. The latter can be estimated gravimetrically, but to 
avoid too high results the following directions must be closely 
followed. 


The bromine solution consists of water containing 1 per cent, of 
sodium bromate (or 1*1% of potassium bromate) and 5% of potassium 
bromide; it contains 3‘1 — 3*2% of potential bromine. The phenol- 
sulphonate, 0‘3 to 0*3 gram, with three times the weight of barium 
chloride, and 10 c.e. of hydrochloric acid, D 1*19, are diluted to 
100 c.c. with water. The solution is heated to 60 — 65°, and slowly 
treated, with certain precautions, with the bromine solution until 
a faint persistent, yellow colour is produced. A little alcoholic phenol 
is added to absorb the excess of bromine, and then sufficient alcohol to 
dissolve the tribromophenol. The liquid is boiled and decanted while 
warm from the barium sulphate, which is repeatedly washed in the 
beaker with 50% alcohol and then with hot water. The barium 
sulphate is finely filtered and weighed in the usual way. Barium 
o-phenolsulphonate, magnesium ^-phenolsulphonate, and barium phenol- 
2 : 4-disuIphonate (Abstr., 1907, i, 910) have been satisfactorily 
treated by this process, although the results are still a little high, 
Sulpho-groups in the para-position are eliminated with greater 
difficulty than those in the ortho-position. Of the salts of doubtful 
constitution, previously obtained by the fractional cry stall isati on of the 
salts prepared from the sulphonation products of phenol (loc. cit), tho 
“ aluminium salt of the para-acid ” proves to be the magnesium salt, 
the “ magnesium salt of the ortho-acid ” to be the magnesium salt of 
the para-acid, the “ barium salt of the ortho-acid ” to be barium 
chloride, and the w 
a mixture of calcium 
sulpbonate. 


magnesium salt oi tne aisuipnomc aciu w ^ 
phenol-2 : 4-disuJphonate and magnesium o-phenob 

C, S. 
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Abnormal Reduction of an Aromatic Nitro compound with 
and Hydrochloric Acid and an Interesting Case of 
Dimorphism. Otto de "V hies ( Proc . A. Akad. Wetensch. Amsterdam , 
19G!), 12, 305 — 306 ; Rec. trav . chim., 1909, 28, 395 — 407).— 3-Nitro- 
4 -methoxy toluene, when reduced with iron and acetic acid, yields the cor- 
responding amine, whilst treatment with tin and hydrochloric acid leads 
to the formation of b-chloro-Z-amino-p-lolyl methyl ether , which forms 
colourless needles, m.. p. 106° (corr.) ; the acetyl derivative has m. p. 
115 ° (corr.). In order to arrive at the constitution of the compound, 
it was converted into 3 : Q-dichlorop-tolyl methyl ether , which was 
obtained in a labile modification, crystallising in needles, m. p. 29°, and 
a stable modification, forming flat crystals, m. p. 44°. The fused 
substance, when coaled, yields the labile variety, which, by inoculation 
or in an infected region, passes spontaneously into the stable form. 

W. H. Gr. 

2 ; 5 Diphenylphenol. Fritz Fichter and Otto Walter (Btr. t 1909, 
42. 4311 — 4313). — 2 : 5-Diphenylphenol (Abstr., 1903, i, 481) yields 
2 : 5-diphenylphenyl p-toluenesulphonate, O 25 H 20 O 3 S, m. p. 102°, by 
boiling with alcoholic potassium hydroxide, and p-toluenesulphonyl 
chloride, p -Nitrobenzeneazodiphenylphenol, 0H , C,.H 2 Ph 2 *N 2 , C 6 H 1 , N0 2 , 
red needles, decomposing at 243 — 245°, is obtained by the action of 
diazotised p-nitroaniliue on alcoholic diphenylphenol in alkaline 
solution. 

The attempt to produce a benzene ring by the condensation of 
sty ryli laconic acid (Abstr., 1901, i, 594) by acetic anhydride at 130° 
resulted in the formation of the anhydride , 

cW> c:cH ' CH:CflPh ’ 


m. p. 180°. 

The nitration of phenylsuccinic acid by nitric acid, D 1'52, at 0° 
results in tho formation of o-nitrophenylsuccinic acid f m. p. 188°, and 
p-nitrophenylsuccinic acid } m. p. 218° — 220° (decomp.) ; p -acetylamino- 
phmylsuccinic acid has m. p. 2 IS 0 . 

The reduction of o-nitrophenylsuccinic acid by ammoniacal ferrous 


sulphate yields dihydrocarbostyril-y-carboxylic acid , 
CH(CO s H)-CH 2 

c «H ( < nh (1)0 * 


m. p. 2^3°, which separates from water in colourless needles. C. S. 


The Fluorene Series. I. Julius Schmidt and Hermann Stutzei, 
(AnnaUn, 1909, 370, 1 — 40, Compare Abstr., 1908, i, 415 ; Schmidt 
and Mezger, Abstr., 1907, i, 43; Schmidt and Soil, ibid., 1054). — 
Although fluorenoneoxime is converted by zinc and acetic acid 
into 9-amiuofluorene, when it is reduced by tin and hot concen- 
trated hydrochloric acid it yields fluorenyl ether, tho formation of 
C H C.H 

which may be explained thus: ^>CINOH — >■ l 6 w 4 ^>CO — >- 

— > i 6H4 >CH'0-CH<V“^ 4 . The most remarkable 
C ( .H 4 hL 4 

property of this Substauce is its red colour, which cannot be due to a 
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quinonoid structure, for fluorene and 9-hydroxyfluorene are an’t 
colourless, but is probably the result of an accumulation of 1 A e 
nuclei. ae 

It is shown that the known 9-hydroxyfluorene is directly connected 
with a-9-aminofluorene, since it yields a-9-acetoxyfluorene when heated 
with acetic anhydride; attempts to prepare the 9-hydroxy fluorene 
corresponding with /2-9-aminofluorene, were unsuccessful. 

When 9-acetyIaminofluorene is warmed with nitric acid, it yi e ],j s 
1 : 8-dinitrofluorenone, many derivatives of which have been prepared 
The behaviour of 1 : 8-dinitrofluorenone towards stannous chloride and 
hydrochloric acid is remarkable, in that a nitro-group is eliminated 
with the formation of l-amino-9-hydroxyfluorene, a compound not 
without interest, for it is red, and the substances derived from it 
are also intensely coloured. When 1 : 8-dinitrofluorenoneoxime is 
reduced with tin and hydrochloric acid, it likewise yields 1-amino-i). 
hydroxyfiuorene, but when treated with zinc dust and acetic add it 
is converted into 1 : 9-diaminofluorono. 

Fluorenyl ether crystallises in red prisms, m. p. 254 — 255° and 
when warmed with concentrated nitric acid yields a yellow substance 
m. p. about 285°. 

a- 9 -Hydroxyfiuorene, m. p. 153°, is obtained by the action of 
nitrous acid on either a- or /J-9-aminofluorcne, possibly because 
/}-9-hydroxy fluorene is labile and passes into the stable a-form ; the 
benzoate, crystallises in colourless leaflets, m. p. 161°, 

When 9-aminofluorene is reduced with amyl alcohol and sodium, it 
yields an oily substance which is either 9-aminodihydrofluorene or 
9-aminotetrahydrofluorene ; the picrolonate forms yellow crystals, 
m. p, 218°; attempts to reduce 9-aminofluoreno with hydrogen in the 
presence of platinum-black were unsuccessful. 

, D „ ch-c(no.,):c*cO‘0:c(Is t o,)-ch 

1 : 8 -Dimtrojluoreno n e } CH— C C— CH^CH’ cr >' stalllses 

in glistening, yellow prisms, m. p. 196 — 197°, and is oxidised by 
potassium permanganate, yielding o-nitrobenzoic acid ; the phenyl- 
hydrazone , 0 19 H l2 0 4 N 4 , forms scarlet needles, m. p. 20G — 207° ; the 
semicarbazone, C 14 H a 0 5 N 5 , is a brownish-yellow powder, which does 
not melt at 300°, 

1 : &~Dinitrojluorenoneoxime, C 13 H 7 0 6 Xy, crystallises in pale yellow 
nodules, m. p. 250°; the benzoyl derivative, forms pale 

yellow needles, in. p. 218 — 220°; the acetyl derivative, C 15 II 9 0 6 N 3f 
crystallises in brownish-yellow needles, m. p.£l78 J ; the methyl ether , 
C^HgOjiNg, forms small, pale yellow, crystalline nodules, m. p. about 
150° (decomp.). 

1-Amino-d -hydroxyfiuorene , Cj.. H n OX, crystallises in dark red 
needles, m. p, 142°; the acetyl derivative, C 15 H 13 0.,N, forms small, 
brownish-yellow crystals, m. p. 200°; the benzoyl derivative, 

C 20 ll lA N > 

crystallises in flesh-coloured needles, m. p. 260 ; ; the position of the 
acyl group in the compounds just described is not known ; the 
hydrochloride , GjjH^OXjHCI, forms small, brownish-yellow crystal.*, 
m. p. 290° (decomp.) ; the nitrate forms small, brown crystals, and 
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does not melt at 300° ; the picrolonate , Co 3 H 19 0 6 N 5 , forms greenish- 
^ellow crystals, m. p. 246° (decomp.) ; the additive product with 
Vnylcarbimide, C 2V H 21 0 3 N s , forms small, red crystals, m. p. 262°. 
The cftaso-derivatives couples with phenols and amines, yielding azo- 
(tyes , and when boiled with water yield 1 : 9 -dikydroxyfluorene, a 
reddish-brown, crystalline substance, m. p. 218 — 220° ; the diacetate 
•rvstallises in reddish-brown needles, and does not melt at 300°. 

1-9 -Diaminojluorene, C 13 H 12 No, forms small, white crystals, m. p. 
about 120° ; the diacetyl derivative, C 17 H 16 0. t N 2 , crystallises in wliito 
leaflets, in. p. 293°; the dibenzoyl derivative, O ; , 7 H. 10 O 2 N forms 
small, white needles, m. p. about 310°; the picrate crystallises in 
</reenish-yellow leaflets, in. p. 205° (decomp.) ; the picrolonate , 

D C a H S0 O 5 N 6 . 

forms yellowish- brown crystals, and decomposes at about 235° ; 
1 : O diphenylcarbamidofluorene , prepared from the diamine and 
nhenvlcarbimide, forms small, white crystals, m. p. 258 — 260°. 

1 3 W. 1£. Ct. 


Cholesterol. I. The Xanthogen Reaction. Leo Tsciiugaeff 
and A. Gasteff (Bm\, 1909, 42, 4631 — 4634). — The authors have 
applied the xanthogen reaction (Abstr., 1900, i, 129; 1905, i, 71) to 
cholesterol. In order to avoid molecular rearrangement in the forma- 
tion of potassium cbolesteroxide, the compound was prepared by the 
action of a toluene solution of cholesterol on potassium amyloxide. 

Methyl cholesterylxanthule , CbjH^OCS'SMe, is prepared by adding 
an excess of carbon disulphide to potassium cbolesteroxide, and then 
warming with methyl iodide or sulphate. It crystallises in colourless 
needles, m. p. 126°, and has [a]„ - 39° in 9% toluene solution. When 
heated, it begins to decompose at 200°, yielding methyl hydrosulphide, 
carbonyl sulphide, and a hydrocarbon, cholesterytene, 0 27 H 44 . This 
forms colourless needles, m. p. 77°, and has [a] u - 107° in 11% toluene 
solution. It decolorises bromine, and gives the usual cholesterol 
reactions. ^ 


Preparation of Cbolesteryl a Bromoisovalerate. Ciiemische 
Werke YOitM. Dr. Hei.nkich Lye. (D.IC-P. 2141o7 ). — Cholcsteryl 
abromoi&ovalerate, in. p^l32 — 133°, results from the action of a-bromo- 
isovaleryl chloride on a mixture of cholesterol and diethylaniline in 
dry benzene ; it is insoluble in water, and has no taste. The ester is 
hydrolysed by aqueous alkalis ; these properties render it a valuable 
therapeutic agent. b . M. Or. M. 


Phytosterols in the Family of Synantherea. Faradiol, a 
New Dihydric Alcohol from Coltsfoot. Timothee Klobr \(Compt. 
rend., 1909, 149, 999—1001. Compare Abstr., 1903, i, 165 ; 1904 
i, 410; 1905, i, 594).— The following substances have been isolated 
from the flowers of Tussilago farfara'. (1) a saturated hydrocarbon, 
in. p. about 57 J ; (2) a phytosterol, having m. p. about 127°, and 
forming an acetate , m. p. 117 — 119°, [«]u -36 , 7° in chloroform; (o) 
a viscous, yellow substance ; (4) a dihydric alcohol, faradiol, C 30 H 5() O., 
(or U 31 I1 52 0 2 or C. 20 H 4C O,). This crystallises from alcoliol in large, 
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efflorescent, ortho-rhombic prisms, containing 1 mol. of alcohol . 
having m. p. 209 — 211°; after removal of alcohol, m. p. about typ 
[a] u +45*1° in acetone. It gives Liebermann’s reaction, developin / 
strawberry-red coloration with a green fluorescence. The acetate 
m, p. 140 — 145°^[a] D +63-6°, and appears to exist in two 
tions ; the propionate crystallises in pearly lamellae, m. p. 155— -15^' 
[«]i, + 62*3° in benzene. The phenylurethane, C 44 H 60 O 4 N 2 , crystallise- 
in prisms, and becomes pasty at 190 — 205°. W. q 6 

Dehydration of cycfcHexanolpropan-/3-ol. P. Joseph Tar 
bousiech ( Compt . rend., 1909, 149, 862—864. Compare A.bstr 
1909, i, 796). — When cycfohexanolpropan/Jol is heated with sulphuric 
acid (20%), a hydrocarbon , C 9 H 14 , is produced (together with a mixture 
of polymerides), and a pin-acoline , C 9 H 16 0. The hydrocarbon is a verv 
mobile liquid, b. p. 76°/19 mm. which combines with bromine and 
forms a hydrochloride , b. p. 96 — 98°/20 mm., and a dihydrochloride 
b. p. 122 — 123°/18 mm. The ketone is separated by submitting the 
mixture to Crismer’s method of oximation, when two isomeric com- 
pounds are obtained and separated by crystallisation from absolute 
alcohol ; the a -oxime has m. p. 83°, the fi-oxime, m. p. 45° ; when these 
are treated with] phenylcarbimide, they foiyn two carbanilino-oximes ; 
the a-derivative occurs in silky needles, m. p. 79 — 80°, the ^-derivative 
forms hard crystals, m. p. 94—95°. 

When regenerated from the mixed oximes, the ketone is obtained 
as a liquid, b. p. 83°/18 mm., having a camphoraceous odour; the 
a semicarbazone forms needles, m. p. 158°, whilst the fi-semicarbazm& 
has m. p. 176°. 

When the dehydration is effected by anhydrous oxalic acid, the same 
products are formed, but in different proportions. W. 0. W. 

New Method of Preparation of Tricyclenecarboxylic Acid 
(Dehydrocamphenylic Acid). Julius Bredt and R. May {Chen. 
Zeit.t 1909, 33, 1265). — A 70 — 80% yield of tricyclenecarboxylic acid 
is obtained as follows : 50 grams of campheuilic nitrite (compare 
Jagelki, Abstr., 1899, i, 627) are added in small portions to 250 c.c. 
of concentrated sulphuric acid at 0°, the resulting product is poured on 
to 750 grams of ice, and the liquid submitted to steam distillation. The 
formation of the acid is accompanied by that of two lactones , m. p. 
137° and 198°. W. II. G. 

Preparation of ?i-Propyl jp-Aminobenzoatee, Franz Fritzsche 
& Co. (D.R.-P, 213459). — The anesthetic action of the alkyl Al- 
and j?-aminobenzoates is increased by replacing methyl and ethyl with 
propyl as the ester-forming alkyl group. Further increase in 
anesthetic action is not, however, observed when higher alkyl, 
hydroaromatic, or aromatic groups are employed, but rather an 
increase in toxicity. 

n- Propyl p-aminobenzoate is prepared by condensing n-propyl alcohol 
and p-nitrobenzoic acid by means qf sulphuric acid, and reducing the 
nprojjyl p - nitrobenzoaUs with tino and hydrochloric acid ; the latter 
compound forms yellow, rhombir plates, and melts at 35°. The 
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•muiio -ester is also produced directly by treating jo-aminobenzoic acid 
with n-propyl alcohol and either sulphuric acid or hydrogen chloride. 
It forms needles, in. p. 73—74°. F. M. G. M. 

Isomerism by Anils (Schiff's Bases). Wiuielm Manchot and 
j. K. Fuklong ( Ber. % 1909, 42, 4383— 4389).— Whereas ethyl 
u-hydroxybenzylidene-p ammobenzoatc exists in two isomeric forms 
( Abstr., 1909, i, 805), only one form of the corresponding methyl ester 
can be obtained, and tho two isomerides of the free acid could not be 
separated. 

J [ethyl Q-hydroxyhenzylidem-^-ammobenzoate forms colourless, hexa- 
gonal crystals, m, p. 145° ; they become dark red when heated above 
100° but immediately assume the original faint yellow colour when 

cooled. 

Q-IIydroxybenzylidene-y-aminobmzoic acid forms a mass of yellow or 
orange-red needles, which consist of almost colourless, hexagonal 
crystals mixed with more highly-coloured needles. When allowed to 
crystallise from, or heated with, amyl alcohol above 100°, the crystals 
become red, but lose their colour on cooling. The solid when heated 
becomes red at 90°, orange at 160°, sealing-wax red at 220°, bluish-red 
at 250° ; m. p. 259° to a dark red liquid, which on cooling 
solidifies first to a red and finally to a yellow mass. 

When exposed to light it rapidly becomes orange-red, but loses the 
colour again in the dark. When cooled iu liquid air it becomes almost 
colourless. 

Tho hydrochlorides of both yellow and red modifications of ethyl o- 
hydmxybenzylidene-jo-amiuobenzoatc, prepared by interaction with 
hydrogen chloride in boiling benzene solution (yellow form) or in ethereal 
solution at - 15° (red form), are yellow, crystalline procipitates, both 
m, p. 175 — 180° and very similar. When powdered with water, how- 
ever, that from the yellow form regenerates this substance, whilst that 
from the red product gives a red substance, which becomes yellow 
at 83°, in. p, 87°. The two hydrochlorides must therefore be regarded 
as different. 

Hydroxy -m-methoxybmz;)lidem-[hariiinobenzoic acid is an amorphous 
substance, m. p. 209°. When heated with water it forms a red oil 
solidifying to red needles, which when dried lose their crystalline 
character. The colour vanishes at 75 — 77°, and the product has 
m. p. 200°. 

Ethyl p di ydroxy- m-methoxybenzylidene ^-aminobenzoate forms glisten- 
ing, faint yellow plates, m. p. 149’. It gives rise to a red, crystalline 
substance when treated with water and a little hydrogen chloride. 
The hydrochloride has m. p. 213 — 217‘\ 

The following anils are also described; in no case were two 
isomerides obtained : 

\hllyiro:cy-m-methoxybeiizylidem-0‘toluidins is colourless, m. p. 
115\V. 

\)Hydroxy-m-metIiOxybe)izyHdene ^-tolauliiie crystallises in well- 
formed, colourless columns, m. p. 1 1 7°. 

\t-Methylbenzylidene^-aminobenzoic acid forms colourless crystals, 
m. p, 241°. 

VOL. XCVIII, i. d 
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p-iso Bropylhenzylidene-^-aminobenzoic acid yields citron * n 

crystals, m. p. 245°. yfe|I °' v 

3 : i-MethyUntdihydroxybenzylidene ^-aminobenzoic acid y^u 
bright yellow, crystalline mass, m. p. 242°. s a 

Benzylidene-y-aminobenzoic acid gives colourless crystals 
193-5°. ra * P- 

p-Ifydroxybenzylidem-o-toluidine has m. p. 169-5°. 

Ethyl y-hydroxybenzylidene-p-aminobenzoate forms a bright veil 
or almost colourless mass of glistening plates, m. p. 1 74-5° J ti W 
methyl ester sepaiates in almost colourless needles, m. p. 180° 8 

o-Methoxybenzylidene-'p-aminobenzoic acid forms faintly y e ]] 0 
coloured crystals, m. p. 227° ; the ethyl ester has m. p. 106° ^ 

K F. A. 


Synthesis of Aromatic Amino-acids by Rearrangements 
III. Alkylaminotoluie Acids. Josef Houben, Arnold Sciiotx- 
mullkr, and Robert Freund (Ber., 1909, 42, 4488— 4496).- Bv the 
rearrangement, under certain conditions, of phenylcarbainatcs* con- 
taining an alkyl group united with the nitrogen into aminobeozoates 
(compare Abstr., 1904, i, 1014; 1909, i, 9*21), tho authors have 
succeeded in extending Kolbe’s hydroxy benzoic acid synthesis to the 
corresponding amino-compounds. In the latter case, the yield of 
amino-acid never exceeds about 40%, and the final reaction must be 
represented by the equation : 

2NRPh*MgX + C0 2 = MgX-O-CO-C.jH^XR’MgX + XIlRPh, 
where X = halogen, according to which the maximum possible yield is 
50%, which has now been nearly approached. 

The reaction lias been applied to methylamino- and ethylamino-o- 
toluene, both of which give ^-carboxylic acids, but the highest yields 
obtained are only about 12%, owing to the sensitiveness of the amino- 
toluic acids or their salts to the high temperatures at which they are 
formed. In the syntheses effected with the alkylani lines, considerable 
proportions of tertiary amino-acids were often, obtained, but with 
the alkyltoluidines, even when large amounts of dialkyltoluidine are 
added, only the secondary amino-acids are obtained; these can be 
characterised by conversion into nitroaminic acids, or where this 
presents complications, into the acetyl derivatives by shaking the 
aqueous solutions of the alkali salts with acetic anhydride. 

In the preparation of the amiuotoluic acids, just as with the aniline- 
carboxylic acids, carbamide-like compounds are always formed in large 
or small proportion. 

• A secondary aminotoluic acid is obtained also when, in place of 
methylamino-o- toluene, a mixture of o-toluidinc and dimethylamiuo-o- 
toluene is employed, so that either the o-toluidine undergoes 
meihylation or the dimethylamino-o- toluene, demethylation. 

Methylamino- w-toluic acid , NHMe*C i; H 5 Me’C0 3 H, prepared by 
treating a mixture of o-toluidine and o-dirnethylaminotolucne with 
magnesium and ethyl iodide in ethereal solution, and subsequently 
passing carbon dioxide through the liquid, forms long, white needles, 
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m „ 201°. niiohjl'inethylcarbamide (1), C 6 H 4 Me-NH*CO*NMe-C (; H 4 Me, 
a [';o fanned in this reaction, has m. p. 238°. 

1 6 - Methybiitrosoamino-m ■ toluic acid, N0*NMe-C 6 H 3 Me*C0 2 I£, forms 
yellow needles, m. p. 153°. 

J S-Ethylamino-in-toluic acid , NHEt*C 6 H 3 Me*C0. 2 H, prepared from 
o -ethylaminotoluene and ethyl iodide, forms white needles, m. p. 
1(39—1 70°, and gives salts with both alkalis and mineral acids. The 
acetyl derivative, NEtAc , C 6 H,Me’C0 2 H, has m. p. 228°. §- Ethyl- 

jiitrosoarnino-M-loluic acid, NO*NEt*C 0 H 3 Me’CO 2 II, forms long, 
vellaw needles, m. p. 135°. Tho diethylditolylcarbamide (?), 

: CO(NEfC 6 H 4 Me) ? , 

formed together with 6-ethylamino-m-toluic acid, forms long, white 
needles, and carbonises on heating. 

i-Etkylamino-va-toluic acid , NHEt*C 0 H s Me*CO 2 H, prepared from 
^ ethy lam i no toluene and ethyl iodide, crystallises in yellow leaflets, 
p. 191°. The contiguity of the ethylamino- and carboxyl groups 
is indicated by the intense, bluish-violet fluorescence (similar to that 
shown by anthranilic acid) exhibited by aqueous and alcoholic 
solutions of the acid ; this fluorescence disappears on addition of 
dilute acetic acid, apparently owing to salt formation, tho basicity of 
the cthylamino*group being possibly increased by the methyl group 
in the para-position. The corresponding niiroso-acid , in. p. 184° 
(impure), was obtainable only in small quantity. The ethylamino- 
toluic acid is accompanied by ditolyletbylcarbamide (1), 
C e H 4 Me‘NH-CO-NEt*C 0 H 4 Me, 

in. p. 283°. T. H. P. 


Addition of Ethyl Phenylacetate to Unsaturated 
Compounds. Walthek Borscde (Jkr., 1909, 42, 4496 — 4499). — 
In the author’s investigations on the reactivity of the methylene group 
in the nitro-derivatives of ethyl phenylacetate (Abstr., 1909, i, 233, 
385), it was found that these compounds do not readily form additive 
compounds with ethylene linkings. Sodium ethoxide attacks them 
rapidly, with destruction of the methylene group, whilst, under the 
influence of piperidine at 100°, addition occurs very slowly and im- 
perfectly. With ethyl phenylacetate itself, however, in spite of its 
slight reactivity compared with the nitro-derivatives, addition takes 
place readily with a/3-un saturated ketones and carboxylic esters in 
presence of sodium ethoxide. If ketones containing a methylene 
group are employed, ring-closure with loss of alcohol occurs under the 
influence of the sodium ethoxide, the resulting compounds being 
phenyl derivatives of dihydroresoreinol. 

Ethyl afi-diphenylglutarcits, C0 2 Et*CHPh*CHPh*CH 2 *C0.>l!it, pre- 
pared from ethyl phenylacetate and ethyl cinnamate, forms colourless 
needles, m. p. 92—93°. The free acid , C 17 II 16 0 4 , forms colourless 


needles, m. p. 230—231°. 

The nitrile of a-phenylcinnamic acid does not form an additive 
compound with ethyl phenylacetate under the conditions employed. 

Ethyl y -lenzoyl-aj3-diphenyl butyrate, CO.jEt’CH Pic CUPh* CH 2 Bz, 
prepared from ethyl phenylacetate and benzylideneacetophenone, 
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forms wbito, silky needles, m. p. 153—154°; the correspond^ ac -, 
is obtained as a white powder, m. p. about 240°, 

2-Phmyl-\ : l-dimetfojlcyclohexan-3 xb-dione, 

CMe 2 < CH |> h ,co> CH 2> 

prepared from ethyl phenylacetate and mesityl oxide, forms colourless 
leaflets containing 1H 2 0, m. p. about 135° (anhydrous). 

1 :2-Dipkenylcyc\ohexan‘3 : 5-dione, ob- 

tained, together with a resinous polymeride of benzylideneacetone \\v 
the interaction of the latter and ethyl phenylacetate, forms colourless 
leaflets, m. p. 159 — 160°. T. H. p, 

alto* and iso-Cinnamic Acids. Cabl Liebermaxx and H. 
Trucksass (Her., 1909, 42, 4659 — 4674. Compare Abstr., 1909 
i, 155 ; also Biilmann, ibid., i, 155, 382). — The authors give full pjar- 
ticulars of the precautions necessary when working with one of these 
acid in order to avoid inoculation with particles of one of the 
isomeric acids. The hands, corks, and filter-papers are washed with 
alcohol and ether, and all glass vessels are “ sterilised ” by heating for 
some time at 105°. 

In the preparation of the iso-acid, m. p. 42°, by fusing the atfo-acid 
at 105°, and cooling in a flask fitted with a sterile cork, it is an ad- 
vantage to work with small amounts (0*5 gram) at a time, since, with 
larger quantities, it is more difficult to destroy all particles of the 
aJ/o-acid, and on solidification the minute particles left cause the 
separation of crystals of aWo-acid. The iso-acid can be crystallised 
from light petroleum, b. p. 30 — 50°, or even b. p. 60 — 70° if proper 
precautions are taken. The acid is characterised by its rhombic 
crystals, their elastic nature, the soapy feol of the crystals when 
rubbed with a pestle, and fclieir planes of cleavage. 

No trustworthy method of obtaining the tso-acid, m. p. 58"', without 
inoculation with a particle of the acid is known. 

The three acids when converted into calcium salts by shaking with 
water and powdered marble, and then precipitated with dilute hydro- 
chloric acid, gave the original acid. This may be due to the fact that 
small particles of the original acid were not transformed into the 
calcium salt, and when acidified served as nuclei which produced the 
separation of the acid in question. 

The three acids were converted into aniline salts ; in each case the 
aniline salt had the same m. p., namely, 83 — 84° (Erlenmeycr, sen., 
Abstr., 1896, i, 46). The acid was recovered from the aniline salt by 
the following three methods : 1. Precipitation of the hot aqueous solu- 
tion of the salt with excess of hydrochloric acid, filtering and 
washing the precipitate, and extracting the mother liquor with ether. 
2. Rubbing the dry salt with very dilute hydrochloric acid and ex- 
tracting with ether. 3. Rubbing the salt with dilute alkali, removing 
the aniline with ether, acidifying the alkaline liquid, and extracting 
the acid with ether. 

By the first method, all three acids gave the iso-acid, m. p. 5S J , with 
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the exception of one experiment, when the iso-acid, m. p, 42°, was 
obtained. Method 2 gave varying results. Method 3 gave either 
a llo- acid or iso-acid, m. p. 42°. 

The iso-acid, in. p. 58°, and the a^o acid can be converted into the 
iso-acid, m. P- 42°, by boiling with very dilute hydrochloric acid, 
and cooling in a flask provided with a cotton- wool plug. 

One of the best methods of transforming the atfo-acid or iso-acid, 
m. p- 58°, into the more fusible iso-acid is to dissolve in excess of 
podium hydroxide solution, and, after two hours, to precipitate with 
hydrochloric acid (D 1*1). If precautions are taken, the acid which 
separates is always the mo- acid, m. p. 42°. J, J. *S. 

Bromination of o-Nitrophenylpropiolic Acid. Gustav Heller 
an d Walter Tischner ( Her ., 1909, 43, 4566— 45G8).— By the action 
of bromine vapour, or of an excess of bromine in benzene on o-nitro- 
pkenylpropiolic acid, afi-dibromo-o-nitrocinnamic acid , 
v NO 2 -C 0 H 4 -CBr:CBr*CO,H, 

js formed in small quantity mixed with nitioeinnarmc acid. The 
dibromo-acid crystallises in stellate aggregates of colourless, lustrous 
needles, m. p. 222° (decorap.). 

Bromination in glacial acetic acid solution leads to the formation of 
aa/3/i- telrabromo-o-nitr ophe nylethane, N0 2 'C 6 II 4 , CBr 2 , CHBr.„ which 
crystallises in rectangular, glistening, yellow plates, m. p. 186°. 

E. F. A. 

Preparation of o- to-Trichlo ro ace toxyben zoic Acid. Chemische 
Fabrik. yon Heyden (D.R.-P. 213591. Compare Abatr., 1909, i, 798). 
—o-m-Trichloroacetoxy benzoic acid, CO^H'CgH^O’CO'CClg, can be 
prepared by treating salicylic acid or its salts with trichloroacetic 
anhydride or trichloroacetyl chloride in the presence of a tertiary 
base, such as dimethylaniline. It forms colourless crystals, m. p. 
150 — 152°, The acid chloride or anhydride can be replaced by the 
free acid if phosphorus trichloride or phosphoric oxide is also 
employed. The chlorination of o-acetoxybenzoic acid leads to 
substitution in the phenyl nucleus instead of in the sido-chain. 

F. M. G. M. 

Preparation of Aromatic Halogenalkyloxycarboxylic 
Acids. Chemische Fabrik yon Heyden (D.R.-P. 213593).— It has 
been found that when the tolyl halogen alkyl ethers are oxidised with 
either permanganate, manganese dioxide with sulphuric acid, or 
dichromate and sulphuric acid they yield the corresponding carboxylic 
acids without any loss of halogen from the alkyloxy-group. 

pBromoethoxy benzoic acid, (X). 1 H*C ti II 4 *0*C ;2 II 4 Br, colourless, glisten- 
ing leaflets, m. p. 178°, is thus prepared from jo-tolyl bromoethyl 
ether ; the ethyl ester has m. p. 76°. 

Q-Bromoetho.cybenzoic acid, from o-tolyl bromoethyl ether, melts at 

164°. F. M. G. M. 
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Preparation of o-Thymotic Acid and of Certain of ■+ 
Derivatives. Rosario Spallino and G. Provenzal {Ga&zetta, 1909 
39, ii, 325 — 336). — By the action of sodium on a xylene solution f 
thymol through which a current of carbon dioxide was passed th 
author has prepared o-tbymotic acid, which forms monoclinic civ t 1 
[Rosati, a:b :c = 1*0724 : 1 : 0'9039 ; /3=93°24'], m. p. 127°. ^olb 
and Lautomann (Annalen, I860, 115, 205) and Kobek (Abstr. irb/ 
56) gave 120°, and Puxeddu (Abstr., 1906, i, 995), 123°. The sik^ 
and sodium salts were prepared ; the methyl ester,' 

CPr ^C(0H):C(C0 2 Me)^ CMe ’ 

b. p. 142°/185 mm., and the ethyl ester, P* 153°' 18 ’5 mm, 

are pale yellow, oily liquids. 

The action of phosphoric oxide or phosphoryl chloride on o-thvmotie 
acid in xylene solution yields a mixture of two isomeric thymotide$ 
(compare Naquet, Bull. Soc. chim. f 1863, 4, 96; 1865, 6 , 98). The 
jirst, C 22 IL 4 0 4 , forms colourless, rhombohedral crystals (Rosati, a-.c- 
1 : 1T092 ; a = 94°1F], m. p. 174°, and is hydrolysed readily by alcoholic 
potassium hydroxide, and more slowly by concentrated sulphuric acid 
yielding o-thymotic acid ; t he second isomeride, m. p, 209°, forms biaxial 
crystals, and is readily hydrolysed by alcoholic potassium hydroxide or 
concentrated sulphuric acid. The two thymotides exhibit different 
solubilities in various solvents, but both give normal molecular weights 
in freezing benzene or phenol. They are probably stereoisomerides oE 


the structure : 


CHICMe-C-CO-OC-CPrrCIi 

CH=:CPr-C*0-CD*C-CMe:(W 


T. H. P. 


Action of Free Hydroxylamine on Coumarin. Luigi 
Francesconi and Guido Cusmano (Atti R. Accad, Lined , 1909, [v], 18, 
ii, 183 — 188). — The authors traverse the statement made by Posner 
(Abstr., 1909, i, 583) that the dihydroxylaminohydrocoumarin 
described by them (ibid., i, 233) i 3 a mixture of /?-hydroxylamino- 
dihydrocoumarohydroxamoxiine hydroxide and /?-aminodihydio- 
coumaric acid (termed aminohydrocoumaric acid by the present 


authors). 

Further experiments show that at 0° coumarin takes up 3 mob. of 
hydroxylamine, giving / 3 -hydroxylaminodihydrocoutnarohydroxam- 
oxime hydroxide, ra. p. 123°. At the ordinary temperature 
(20 — 25°), that is, under the conditions in which 1 mol. of hydroxl- 
amine is added to the lactonic linking of santonin, only 2 nriok 
of hydroxylamine are added to coumarin, the resultant product being 
dihydroxylaminohydrocoumarin, m. p. 130 — 131°, which is far more 
stable than ^hydroxy laminodihydrocoumarohydroxamoxime hydroxide. 
At the b. p. of methyl alcohol, either no reaction occurs or amino- 
hydrocoumaric acid is formed. T. H. P. 


Anhydrides of isoPhthalic and Terephthalic Acids. Jons 
E. Ruche r and NY. Clifton Slade (J. Amer. Ckem. Soc., 1909, 31, 
1319— 1321).— It has been stated in certain well known text-books 
that isophthalic and terephthalic acids cannot form anhydrides. It 
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has been found, however, that the anhydrides of both acids can 
be obtained by dissolving the acids in acetic anhydride and distilling 
olf the liquid at 200°. The anhydrides are thus obtained as granular 
substances, which decompose on heating without showing definite 
m. p-j are n °k volatile an d are readily soluble in warm solutions 
of alkali hydroxides. The properties of these compounds indicate that 
they have a high molecular weight, and may be represented bv 
the formula [C 6 H 4 (C0) 2 0], ; . E . G. \ 

^-Phenylglutaconic Acid. Franz Feist and G. Pojimk (Annate*, 
1909, 370, t 2 81. Compare this vol., i, 7). — /?-Phenylglutaconic acid, 
prepared by any one of the known methods (compare Michael, Abstr., 
1894, r, 172; Ruhemann, Trans., 1899, 75, 248; Buchner anil 
Sirhroeder, Abstr., 1902, i, 319), is obtained in one modification only, 
in. p. 194 — 155°, which is regarded by Buchner aDd Schroeder as the 
ci's-fonn, because of its close relationship to the anhydride ; this view, 
however, is shown to be incorrect; the acid, m. p. 154—155°, must 
have the trans-con figuration, for the anhydride when acted on by 
alkali in the presence of casein yields on precipitation with silver 
nitrate a silver salt, which, when suspended in ether and decomposed 
by hydrogen sulphide, yields the anhydride, whereas, in the absence of 
casein, the acid, m. p. 154°, is obtained ; the presence of the anti- 
catalyst prevents the transformation of the labile cis-i some ride into 
the fmws-acid, but the former, being unstable, passes into the 
anhydride. The crystalline barium and calcium salts were analysed. 
The semi-anilide^ C 1? II 15 0 8 N, prepared from tho'anhydride and aniline, 
forms pearly crystals, in. p. 174° ; the barium salt, 

(C j *11] , O s X ) 2 Ba, 4H.,0, 

was analysed ; the corresponding semi-ip-toluidide, C h TI 1t O.<X, forms 
aggregates of pearly crystals, m. p. 184° The anil, 

r*THi H — 00\ v t>i 

CPh <m V CO>^ h ’ 

obtained by the action of aniline on the acid at 130". crystallises 
in colourless needles, m. p. 232°; the corresponding p -toW, 0 1S H 15 0.,N, 
crystallises in needles, in. p. 248*5 — 249 J . 

ft- Phenyl- a-benzylglutaconic aci d, CO 2 H*0H( CH.,Ph)* CPh ! CH* CO., H , 
prepared by the action of benzyl chloride and sodium ethoxide on 
ethyl /2-phenylglutaconate at 1 10 J under pressure, is an oil ; the barium 
and silver salts were analysed. 

Eihvl (2- phony Iglntaconate, when heated with bcnzaldchyde and an 
alcoholic solution of potassium hydroxide, yields fl- phenyl- a-henzyl- 
ideneglutaconic acid, C0 2 H*C( 1 C H Ph)* CPh 1 CIIV C0 2 H, crystallising in 
compact needles, in. p. 210'5°. 

/?-Phenylglutaconic acid does not combine with hydrogen bromide, 
but absorbs bromine slowly, yielding afi-dibroino-fi-phenylyhitaric acid. 
CO.H-CHBr’CPhBr’CII./COJI, which forms crystals, m. p. 166° 
(decomp.). "* * AY, II. G. 

Action of Sulphuric Acid on Santonin. II. Guido Bargeu.ixi 
and S. Silvestri (Gazzetta, 1909, 39, ii, 346 — 349. Compare Alvtr., 
1909, i, 723), — The authors have investigated the products obtained 
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by the action of sulphuric acid (D 1 *5) on santonin at v ■ 
temperatures. At the ordinary temperature (about 20°), 
troposantonin is formed ; at 30 — 50°, a mixture of J-desmotropotan? 01 ^ 
and desmotroposantonin, and at 50 — 90°, a mixture of desinotron ^ 
tonin, [aJ D + 112°, cf-santonous acid, and a red, tarry matter. At ](Vp 
no desmotroposantonin is formed, tho product consisting entirely { 
d-santonous acid and the red tar. Desmotroposantonin is convert 
into these two substances by the action of sulphuric ncid ([) , 

100°, and hence forms the first product of tlie action of the acid * 
santonin, its conversion into santonous acid by reduction "boin» 
probably accompanied by a corresponding oxidation to a kotosanlono * 
acid, thus : lOH’OH + II 2 — If.,0 + iCH 2 (santonous acid) Jrt 
,OH>OH + O = H 2 0 + ICO (ketosantonous acid). The red, tarry ixi attor 
is being investigated in order to ascertain whether it contains' 
ketosantonous acid. 

The action of syrupy phosphoric acid (D 1*725) on santonin j* 
similar to that of sulphuric acid (D 1 *5). T. H P 

Benzaldebydeeulphoxylates. Max Bazlen (Ber., 1909, 42 
4634 — 4637. Compare Abstr., 1905, ii, 240). — In reply to Fromm 
and Erfurt (Abstr., 1909, i, 936), the author gives full details for the 
preparation of sodium benzaldehydesulphoxylate, NaMSO.„C .1L*UH0 
from sodium hyposulphite, sodium hydroxide solution” and benz- 
ol deliyde. The yield is almost theoretical, aud the product can be 
crystallised from hot water containing a little sodium hydroxide, when 
it forms well doveloped crystals. The analogous jmc compound, 
Zn(IIS0 2 ,C G H f /CH0) 2 ,4H 2 0, can be obtained by shaking benzaldehyde 
with a warm solution of zinc hyposulphite. It also forms well 
developed crystals. These primary salts are very unstable in contact 
with the air. Secondary salts have also been prepared, and are more 
stable. Disodium benzaldeh/dcsulphovylale, N a.,S0 2 ,C t , H. ■ C I IO, 2 tr.,0, 
forms colourless needles, and can be obtained by the action of sodium 
hydroxide solution on the primary sodium salt. The barium and zinc 
salts have been prepared. .J, J. ( y, 

Preparation of />-Methoxysalicylaldehyde from y>-Hydroxy- 
salicylaldehyde. Kalle a: Co. (D.B.-P. 214153), — -yj-Methoxysalieyl- 
aldehyde was only obtained in small yield from resorcinol monomethyt 
ether by the Tiemann reaction owing to its instability. It has now 
been found possible to prepare it in a stable, pure condition by 
methylating jw-hydroxysalicylaldehyde with methyl sulphate or methyl 
halide at 70 — 80 3 in the presence of aqueous sodium carbonate. The 
pure product melts at 41°, not at 62 — 63°, and, contrary to the state- 
ments in the literature, is readily soluble in water, particularly 011 
warming. E. 31. O. 31. 

New Syntheses of Vanillin. Alfred Gl*yot and A. (inv 
(Compt. rend., 1909, 149, 928—931. Compare Abstr., 1905, i, 236, 
306, 935). — An application of the general method for the preparation 
of aldehydes described previously . (Abstr., 1909, i, 955) to the 
synthesis of vanillin. The following compounds are prepared by the 
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condensation of mesoxalic esters or of a/2-diketonic esters with 
tniaiacol. 

P Methyl p-hydroxy-m-methoxyphenyltartronate, 

0Me*C 6 H 3 (0H)'C(0H)(C0 2 j\Ie) 2 , 

prisms, m. p. 115°; the ethyl ester crystallises in long needles, m. p. 

Mhyl phydroxy-m-methoxyphenylacetylglycottule, 
C^H r O 2 ‘(JAc(0H)-0b 2 Et, 

prisms, m. p. 61°. Ethyl ^-hydroxy-^methoxyphenylhenzoylglycollale 
CLH^'CBztO^’COgEt, prisms, m. p. 139°. 

'The esters are converted into vani lloyl carboxylic acid by one of the 
methods mentioned previously (loc. cit.). A quantitative yield of pure 
vanillin is obtained when the acid is heated at 170° with an equal 
weight of dimethyl-yvtoluidine (compare Gassmann, Abstr 1907 
i, 313). ^ ” 

The a/?-diketonic esters employed in this synthesis can be replaced 
by the corresponding acids. The yield of vanillin, however, is* 
diminished, thus dihydroxy tartaric acid gave only 15°' of the weight 
of guaiacol employed. \y, q -yy^ 


Organic Syntheses by Means of Sunlight. IV. Action of 
paraffins and Homologues of Benzene on Ketones and 
Aldehydes. Emanuale Paterxo and G. Chieffi (Gazzetta, 1909, 
39, ii, 415 — 435. Compare Abstr., 1909, i, 393, 487). The inter- 

action of benzophenone and pentane under the influence of sunlight 
results in the formation of benzopinacone and a resin, which may be 
a polymeride of the characteristic compound of benzophenone and 
amylene ( loc . cit.). 

Benzophenone and octane yield benzopinacone and a resin, which 
was not identified. 

Benzophenone and decane (dmoamyl) give benzopinacone and a 
resinous additive compound, C 13 H 10 O,C 10 II 20 . 

In general, then, aliphatic hydrocarbons are transformed by the 
action of benzophenone into uusaturated hydrocarbons, which yield 
additive compounds with the benzophenone: 3C 33 H 10 O + C»H i)}i+0 = 
^' 2 ( 5 ^ 22^2 "h ? these additive compounds are resins, and 

are decomposed into their constituents on heating. 

Benzaldchyde and pentane yield hydrobenzoin (?) and polymerides 
of benzaldehyde, similar results being obtained with benzaldehyde 
and octane or decane and with /^-tolualdehyde and octane. 

With certain cyclic hydrocarbons, such as cyc/ohexane or methyl- or 
dimethyl -cyclohexane, benzophenone yields benzopiuaconc and a resin 
which has not yet been investigated. 

Beuzophenono and benzene do not seem to react under the in- 
fluence of sunlight. Benzophenone and toluene yield benzopinacone 
and an additive compound, C 20 II 18 O, m. p. 79 — SiT, probably analogous 
to that formed by benzophenone and benzyl alcohol (compare Hell and 
Wiegandt, Abstr., 1904, i, 490). 

Benzophenone and ethylbenzene give: (1) benzopinacone; (2) 
a compound, m. p. 87— 89°, probably OII*CPh 2 *CII. 2 *CH 2 Ph, which 
ha. ; * the normal molecular weight in freezing benzene, and, when 
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treated with phosphoric oxide, yields the triphenylpropyUm. 

CPh 2 :CH-CiH 2 Ph, 

m. p. *87_89°; (3) a hydrocarbon, m. p, 124— 125°, probably ft. 
methyldibenzyl (compare Moritz and Wolffenstein, Abstr., 1399 { 
424). 

Benzophenone and propylbenzene yield benzopinacone and a C0IB . 
pound , C 13 H 10 O,C ( ,H 12 (or C 13 H 10 O,O i) H 10 ), m. p. 94 — 96°, which, with 
phosphoric oxide, gives an anhydride, m. p. 80 — 81° and not a hydro, 
carbon. 

Benzophenone and p-xylene give benzopinacone and di-p-mcthyl- 
dibenzyl (compare Moritz and Wolffenstein, Abstr., 1899, i, 910), 

Benzophenone and cymene yield benzopinacone, a hydrocarbon with 
an unsaturated chain, and a resin, now under examination. 

Benzophenone and oil of turpentine give benzopinacone and 
a viscous oil, b. p. 280 — 320°, which yields benzophenone on 
^distillation. 

Benzophenone and diphenylmethane yield aa/?/?-tetraphenylet hanol, 
CIIPbo'CPlyOH, which forms monoelinic crystals [Zambosixi: 
a:b :c = 2 9673 : 1 : 3*0298 ; /? = 91°50'], m. p. 212—214°, and has 
the normal molecular weight in boiling alcohol or benzene ; when 
treated with phosphoric oxide, or with phosphorus and iodine, it 
yields s-tetraphenyle thane. 

With bcnzaldehyde and toluene, dibenzyl or diphenylmethane, no 
reaction occurs, the benzaldehyde undergoing rapid polymerisation, 
Anisaldehyde and toluene yield hydroanisoin and a resin, not yet 
examined. With oil of turpentine and benzaldehyde, uohydrobenzoin 
is formed. * ^ 1\ 


2 : 4 : 6-Tribromobenzophenone. P. J. Montagne ( Rec . trim, 
chim ., 1909, 28, 449 — 455. Compare Abstr., 1908, i, 988 j. — It is 
shown that the yellow product formed when 2:4: 6-tribromobenzo- 
phenone is heated is 6 : 8-dibromofluorenone. 2:4: 6-Tribromo- 
benzophenone is reduced to 4-bromobenzhydrol when heated with 
sodium hydroxide in alcohol. The latter reaction to some extent 
negatives the suggestion of Diels and Khodins (Abstr., 1909, i, 351), 
that since tbe carbonyl group of ketones is reduced by sodium 
amyloxide, but not by sodium ethoxide, some specific action must be 
exerted by the amyl group in the former reagent. The author finds 
in fact that benzophenone is readily reduced either by potassium 


hydroxide or sodium hydroxide iu alcohol. 

’ 6 : 8 -Dibromojluorennne, m. p. 225 \ b. p. 430° (decomp.), crystallises 
in slendtr needles from alcohol ; on reduction with sodium amalgam it 
yields fluorene alcohol, and on oxidation with sulphuric acid and 
mercuric sulphate, it furnishes phthalic anhydride. T. A. H. 


Derivatives of Catechol. Hugo Yoswinckel (Her., 1909, , 42, 
4651 — 4654. Compare Dreezgowski, J. Russ. Phys. Client, 

25, 157).— TJhloroacetocatechol diacet ate, C g H 3 (OAc),/CO , CH :! C 1: 
m. p. 110°, not 95°, and 3 : 4-diacetoxyacetophenone, m. p. 87 , not ii> ■ 
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t.. t.he preparation of chloroacetocatechol a small amount of a higher 
condensation product, C 2 H 4 [CO-CA(OH) 2 ] 2 or 
^^(OH )2 < vq 

^ obtained when phosphoryl chloride is used. It crystallises in 
^listening, silver, hexagonal plates, m. p. 261°. Its tetm-acetyl 
derivative, C 24 H 20 O] 0 , crystallises from nitrobenzene in rhombic 
plates, m. p. 253°. 

3:4: a-Triacetoxy acetophenone, C fi H 3 {OAc) 2 -CO-CH 2 *OAc, obtained 
by heating chloroacetocateehol (a-chloro-3 : 4-dihydroxyacetophenone) 
with acetic anhydride and dry potassium acetate, crystallises in 
plates, m. p. 94°, and when hydrolysed with alcoholic sodium 
hydroxide solution yields 3 : 4 -a- trihydroxy acetophenone^ 
O 0 H 3 (OH),-CO-CH 2 *OH, 

which crystallises in colourless prisms, in. p. 195°. When reduced 
with zinc dust and glacial acetic acid, the triace toxy-derivative yields 
3:4 -diacetoxyphenylethyl acetate , C tt H H (OAc). 2 *CH 2 *CH,’OAc, which 
crystallises in colourless plates, m. p. 85°. When heated with acetic 
anhydride and potassium acetate, or when heated alone at 130°, the 
triacetoxy-dorivative yields 3 : i-diaceloxypkenylacetaldehyde^ 

C fi II 3 (OAc) 3 *CHy OHO, 

and acetaldehyde. The former crystallises in large, thin plates, 
m. p. 83°, and yields a crystalline phenylhydrazom. J, J. S. 

Relationship between the Colour and Constitution of 
Unsaturated Ketones and Their Salts. Hans Stobbe (Annalen, 
1909, 370, 93 — 99). — A brief account of the nature and results of the 
investigations described in the following papers. W. H. G. 


Light Absorption, Basicity, Constitution, and Salts of 
Ketones of the Dibenzylideneacetone [Distyryl Ketone] and 
Dibenzylidenecj/cZopentanone Series. Hans Stobbe and Richard 
Haertel (Annafon, 1909, 370, 99 — 129). — I. Colour of Ketones of the 
Dibenzylideneacetone and Vibenzylidenecydopentanone Types. — The 
absorption spectra of Kj 32 solutions of ketones of the types 

chr:ch-coch-chpt 

and in chloroform have been measured, where 

HR' = benzylidene, 4-inethoxy benzylidene, cuminylidene, 2-ethoxy- 
benzylidono, 3 :4-dimethoxy benzylidene, piperonylidone, cinnamylidene, 
or furfurylidene ; R = benzylidene and R =4-methoxybenzylidene, 
or R = benzylidene and IT •= piperonylidene. 

The results obtained may be summarised thus : (1) The absorption 
band is shortest when RR' = benzylidene. (2) Each replacement of a 
phenyl hydrogen atom by an alkyl or alkyloxy-group is accompanied 
by an increase in the length of the absorption band; the influence 
exerted in the ortho-position is smaller than in the para-position ; the 
compounds in which HIT = 3 : 4-diinethoxybcnzylidene and piperonyl- 
idene have the greatest absorption. (3) Stereoisomcrides, such as the 
stereoisomeric benzylideneanisylidenoeycfopentanones (compare Abstr., 
1909, i, 309), exhibit different absorption. (4) The colour intensity 
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is increased by the addition of ethylene linkings ; thus, replace™ 
of benzylidene by cinnamylidene is accompanied by a great increase^ 
the length of the absorption band. (5) Comparison of the spoet" ll f 
the corresponding acetone and cyc/opentanone compounds shows a° 
the absorption bands of the latter are about 10 jj.fi longer than t\ 
of the former. 10se 

Di' 3 : 4 -dimeihoxystyryl ketone , [C ft H 8 (OMe) 2 *CHICH]*CO, prepar 1 
by the interaction of 3 : 4-dimethoxybenzaldehyde and" acetone j n f 
dilute alcoholic solution of sodium hydroxide, forms golden-yellow 
crystals, m. p. 84°. Didl-ethoxybenzylidenecycfopenlanone, (j^(j q 
prepared in a similar manner, has m. p. 110 °; the corresponding 
di-3 : 4 -dimethoxybenzylidene compound, C 23 H. h O-, has m. p. 195.50 e 

Benzaldehyde, piperonaldehyde, and cyc^opentanone interact in a, 
dilute alcoholic solution of sodium hydroxide, yielding two stereoiso- 
moric benzylidenepiperonylidenecydopentanones, 

cH 2 .c(cn-c 6 ii s :o s :cH 2 ) 

CH„ C(CHPh)-''' ’ 

obtained as lemon-yellow crystals, m. p. 176°, and deep lemon-yellow 
crystals, m. p. 192°, respectively. 

II. Colour of the Crystalline Chloro -, Dicldoro -, and Trichloro acelat.es 
of the Ketones. — The colour relationship existing between the ketones 
is found to exist also between the salts. The acid salts are more 
intensely coloured than the neutral salts. The colour intensity also 
increases with the strength of the acid. In the following list of salts 
K represents one mol. of the ketono and A one mol. of the acid 

Distyryl ketone trichloroacetate, KA, lemon-yellow, m. p. 117" • 
dichloroacetate , KA, pale yellow. 

Di-i-methoxystyryl ketone trichloroacetate, K A, vermilion, m. p. 9 . 5 "' • 
K2A, carmine, m. p. 63°; dichloroacetate , KA, orange-yellow, in. p. 96 2 ; 
K2A, orange-red, m. p. 92^ ; chloroacetate , K4A, oraDge-yellow, 
m. p. 45°. 

Di-2-etho,vy$tyryl ketone dichloroacetate , K2A, orange-red, m, p. 33 ’, 

Di‘ 3 : 4 -dimelhoxystyryl ketone trichloroacctate , KA, brown, m. p. 
105°; dichloroacetate, KA, orange-yellow, m. p. 87°. 

Dipiperonylideneacetone trvddoroacetate , K2A, garnet-red, m. p. 87°; 
dichloroacetate , KA, light brown, m. p. 100°. 

Styryl 4-methoxysiyryl ketone trichloroacctate, KA, orange-red, 
m. p. 66 °; dichloroacetate, KA, light yellow, m. p. 48°. 

I) icinnan lylidmeaceton e trichloroacctate, K2A, black, m, p. 110°; 
dichloroacetate , K2A, very dark red, m. p. 56°; chloroacetate, K 6 A, 
orange-yellow, m. p.J56°. 

Dibenzylidenecyclojjenlunone trichloroacctate , K2A, straw-yellow, 
m. p. 98° ; dichloroacetate , KA, sulphur-yellow, in. p. 110°; chloro- 
acetate, sulphur-yellow, m. p. 75°. 

Di-^-methoxyherizylidemcyclopenlanone trichloroacctate, K2A, garnet- 
red, m, p. 73 5 ; dichloroacetate , K A, orange-yellow, m. p. 133 J ; K2A, 
scarlet, m. p. 85°; chloroacetate , K5A, orange-red, m. p. 48 J . 

Dipiperonylidenecjclopentauone tri chloroacetate, K4A, black, in. p. 
85 — 90'; KA, orange, m. p. 148°. 

Benzylideneanisylideneejdopentanone, m. p. 147°; trichloroacetate , 
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K2A, lemon-yellow, m. p. 97°; dicMoroacetate f KA, lemon-yellow, 

in. p. 68°. 

I) ic innamyl idenecyclopentanone trichloroacetale , K2A, black m. p 

S9 3 ; dicMoroacetate , KA, orange-red, m. p. 158°. ’ 

J) ifurfurylidenecyc\opentanoue trichloroacetale, K2A, black, m. p 

82°; dicMoroacetate, KA, orange-red, m. p. 158°. ’ 

III. Colour and Composition of the Hydrochlorides of the 
Ketones at 15° and -75°. — The absorption of hydrogen chloride 
by fcli© solid ketone has been investigated with the following 
results : (1) As a rulo, at 15° 1—2 mols., and at - 75°, 4—6 mols , of 
hydrogen chloride are absorbed ; the alkyloxy-derivatives combine 
with a greater proportion of hydrogen chloride than the alkyl com- 
pounds ; stereoisomeHdes combine with the same amount of hydrogen 
chloride. . (2) lhe relationships between colour and constitution 
observed in the case of the salts with the chloroacetic acids also exist 
in the case of the hydrochlorides. 

IV. Absorption Spectra of Certain Salts of the Ketones dissolved in 
Various Acids, lhe absorption spectra of equivalent solutions of tho 
various ketones in sulphuric, phosphoric, chloroacetic, dichloroacetie, 
trichloroacetic, formic, and acetic acids, and in chloroform have been 
measmed. It is found that the colour of solutions of the same ketone 
becomes more intense as tho strength of the acid increases ; the solu- 
tions in acetic acid are of approximately the same intensity as in 
chloroform, indicating the presence of only traces of acetate. It is 
clear that the colour of the solution depends, not only on the specific 
colour of the . salt, but also to a great extent on the degreo of 
hydrolysis of the salt. The etTect of tho constitution of the ketone on 
the colour of the solution remains more or less constant. 

V. Relationship between Basicity of the Ketone ami the Colour of 

Certain Salts of the Ketones. — Tho basicity of the various ketones has 
been determined. It is found that (1) derivatives of dibenzylidene- 
acetone and dibenzylidenecyc/opentanone, obtained by substituting 
phenyl hydrogen atoms, are more basic than the parent substances ; 
isopropyl has the smallest effect; dioxymethylene (CH 2 0.,1), ethoxy- 
(EtO*), and methoxy- (MeO) groups increase the basicity in the order 
given ; the basic character is also increased by substituting furyl 
and cinnamenyl for phenyl ; (2) the basicity of a cycfcpcntanone com- 
pound is about two-thirds of that of the corresponding acetone com- 
pound ; (3) replacement of benzylidene by p-methoxy benzylidene and 
piperoriyiidene increases the basicity by 2*4 and 1 *7 times respectively ; 
the basicity is roughly doubled by replacing one benzylidene group by 
a cinnamenyl group ; (4) a relationship appears to exist between the 
light absorption and basicity of tho ketones. \V. H. G. 

Light Absorption, Basicity, Constitution, and Salts of Certain 
Unsaturated Cyclic Ketones, Ketone Acids, and Ketone- 
Esters. Hans Stobbe and Siegitued JSeydel [Annalen, 1909, 370, 
129—141). — An investigation on the colour relationships existing 
between fiuorenone, fluorenonc-4-carboxylic acid, and ethyl fluor- 
ei:one-4-carboxylate ; alloc hry so ke to necar bo xy lie acid and the ethyl 
ester ; dibrornoinuone, phenylindoncacetic acid, and the ethyl ester. 
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Fluorenone is lighter in colour than the carboxylic ester a y 
this again lighter than the acid. The solutions of these substance'- 
in sulphuric, trichloroacetic, dichloroacetic, and chloroacetic acids are 
red or dark yellow, the intensity of the solution of the same mbstance 
increasing with the strength of the acid. The solutions of the three 
compounds in the same acid are of unequal colour-tone, and, unlike the 
free substances, the solution of the ketone is darker than that of the 
ester, and this darker than the solution of the acid. The explanation 
of this is, that the ketone is more basic than the ester, which is more 
basic than the acid. 

The other ketonic substances investigated were found to give the 
same results; the intensity of the solution in an acid depends both on 
the strength of the acid and the basicity of the ketone. 

Ethyl fluorenono-4 -carboxyl ate crystallises with 2C fi H 6 in large, 
sulphur-yellow prisms, m. p. 227°. 

Methyl pkenylindoueacetate, C 1S H 14 0 3 , forms golden -yellow needles 
m. p. 10S-5 0 . ‘ W. II. G. ’ 


Ketens. XIII. Action of Diphenylketen on Carbonyl 
Derivatives. Hermann Staudinger [and, in part, with J. Breawml 
( Ber., 1909, 42, 4219 — 4262. Compare Abstr., 1908, i, 246, 218, 410, 
411, 602).— Experiments have been made by heating diphenylketen in 
the form of its solid quinoline derivative with equivalent quantities 
of various ketones at 130° for T5 hours, and determining the velocity 
of reaction by the amount of carbon dioxide eliminated. The reaction 
proceeds in two stages : the first consisting in the formation of the 

CR.,—0 , ,, , . , 

fi- -lactone : CR.,10 + CPb.,.CO — > I , ■ , and the second in the 

' 1 - CPh./CO 


decomposition of the lactone into carbon dioxide and anolefine derivative : 

S”6o^ c ° 2+CR - CPh - 


It” is assumed that the second reaction proceeds with an infinitely 


greater velocity than the first. The following results have been obtained 
with the ketones, the formulae of which are given : R -OO-CH.ClIPli, 
82’3 ; K'-CO-CN, 76 3; R'-COH, 65*9; R'-COPh, 42 5 ; R'-COMe, 
32-8; R'-COCl, 5*5; R'-CO-O-CO-CHlCIiPb, 5 3; lt'-CO-OEt, 5 4 ; 
R'*CO*NPh.„ 00 ; R"-CO-CIi:CH-CH:CHPh, 85-7; R"’COPh, 55-6: 
R'-COMe, 20'7, where R' = -ClIICHPh, R" -OH ICH-CIKCHPh, and 
the numbers give the percentage amount of the ketone which enters into 
the reaction. The influence of a double linking on the reactivity of the 
ketone is not marked, but the results indicate that the reactivity of a 
ketone with diphenylketen is least when an NR., or OK group is 
attached to the carbonyl, that is, carboxylic derivatives. The carbonyl 
group, on the other hand, is much more reactive when attached to 
H, Me, or Ph, and is most reactive when unsaturated groups, ioi 
example, cyano and cinnameuyl, are present. The results are probab j 
explicable if the state of saturation of the carbonyl group is taken 


into account in the different compounds. 

P^mphmyla^yr^acrf^itriU, CTiPh:Cil-C(ON ):crb 2> obtained 
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from diphenylketen-quinoline and cinnamoylformonitrile, crystallises 
in golden-yellow plates, id, p. 15/ — 159°. It is not hydrolysed when 
boiled with acids or alkalis, but reacts with a chloroform solution of 
bromine, yielding the dibromide , CV 3 H 17 NBr 2 , m. p. 143-144°. 

Cinnamaldehyde and diphenylketen-quinoline yield aa h-lriphenyl' 
lidadient, CHPh.CH*CH.CPh. 2 , which crystallises in colourless needles, 
in. p. 101*5 — 102°. With bromine it yield a bromo derivative, C 2a H l5 ,Br, 
in the form of colourless crystals, m. p. 146 -148°. 

Benzylideneacetophenoneanddiphenylketen-quiuoline yieldaa/33-tefra- 

j ih c i vylbutudiene, CHPh.Cfl’CPh.CPhj, and o-benzoyl-l : 1 : ‘l-tripJtenyl- 
4-cyclo bulanone, COPh*CII<^_^ „x>CPho, which can be separated 


by means of ether, in which the hydrocarbon is somewhat more readily 
soluble. The ketone crystallises in colourless plates, m. p. 190°. It does 
not combine with bromine, is stable towards oxidising agents, but 
reacts with alkalis, yielding diphenylacetic acid. Its dioxinte hasm. p. 
191—192°. The tetraphenylbutadiene crystallises in colourless, com- 
pact prisms, m. p. 146—148°. It yields a dibromide, C og H 2 . 2 Br 2 , in 
the form of yellow crystals, to, p. 144 — 145°, and when oxidisod in 
acetone solution with potassium permanganate or dichromate, yields 
benzaldehyde and triphenylacratdehyde , CPh.,ICPh*CHO, colourless 
needles, m. p. 175°. 

Cinnamylideneacetophenone and dipbenylketen-quinoline yield 
aaf3£detmphenylhexa-l*y c driene, CHPh«CH>C l4!CH‘CPh!0Ph o , and 
Z-ben~oyl-\ : \-dipkenyl-2-styryl-£-cyc\obutanone, 

CHPh:c h-ch< ch c (^ p1 ‘)>co. 


The ketone crystallises in colourless needles, m. p. 120 — 122°, and 
reacts with bromine, yielding the 0-derivative, C 31 H 23 OJ3r, m. p. 
148 — 149°. The hexatriene crystallises in yellow prisms, m. p. 
158 -160°, and yields a telrabromide, C a0 H 24 Br 4 , m. p. 148 — 150°. 

In the combination of the above compounds with bromine, one 
double linking always remains intact, and this is supposed to be the 
linking in the >C^CPh. 2 group. Definite products could not be 
isolated by heating diphenylketen-quinoline with either benzylidcnc- 
acetone or cinnamylideneacetono, nor yet with methyl einnamate or 
cinnamodiphenylamide. J. J. S. 


Phenylhydrazones of 2-Acetyl-l -naphthol [1-Hydroxy- 
/3-naphtliyl Methyl Ketone] : Alkali - insoluble Naphthols. 
Hexry A. Toueey and C. AI. Brewster (J. Artier. Chem. Soc., 1909, 
31, 1322 — 1325). — It has been shown by Torrey and Kipper (Abstr., 
1908, i, 461) that the phenylhydrazones of certain hydroxy aceto- 
phenones are insoluble iu aqueous alkali hydroxides, and it is stated 
that this insolubility is due to the combined influence of the side- 
chain containing the phenylhydrazine residue in the ortho-position to 
the hydroxyl group and of another group in the ring, such as the 
uiefhoxy-group. In the present paper an account is given of the 
phenylhydrazones of 1- hydroxy /3-naphthyl methyl ketone and its 
bromo- derivative. These compounds are also insoluble in aqueous 
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alkali hydroxides, the insolubility in this case being due to the i ■ 
effect of the *CMelN*NHPh group in the ortho-position to Jlf 
hydroxyl group and of the hydrocarbon residue, •CHICH’CH'CH- 6 
The hydrazones are very stable, and can be boiled with aqueous alkal' 
hydroxide without undergoing any change. The presence of ' 
bromine atom, in the naphthalene ring or in the phenyl group 
not affect the insolubility. 

i{\)-firomo-l -hydroxy- (3-napkthyl methyl ketone , OH*C i0 H 5 B r .(/(yq 
m. p. 126 — 127°, obtained by the action of bromine on an alcoholic 
solution of the ketone, forms yellowish-green crystals, and condenses 
with benzaldehyde with production of the benzylulene derivative 
OH-C 10 H 5 Br-CO-OH:CHPh, m. p. 176—177°, which forms orange,red 
crystals. The phenylhydrazone , OH’CjoHg’CMelN'NHPh, m 
136 — -137°, forms white needles. The p-bronwphenylkydrazone, m 
185 — 186°, forms silvery-white plates, and the w-nifaropkeiiylfiydrazone 
m. p. 232 — 233° (decomp.), deep red, compact needles. 

The phenylhydrazone of the bromo-derivative crystallises in pale 
yellow needles, and decomposes at 159°. The p-bromophenylkydmzone 
m. p. 160° (decomp.), forms colourless crystals, and the m-nitro- 
phenylhydrazme, m. p. 201 — 204° (decomp.), deep, orange crystals. 

E.G. 


Two Isomeric cycJoHexane /?-Diketones. Georges Leseb 
(Compt. rend., 1909, 149, 1080 — 1081). — When ethyl acetate is con- 
densed with 1 : l-dimethyl-S-cyc/ohcxanone (Abstr., 1899, i, 713), 
i-acetyl-l : \-dimethyl-3-cychhejcanone, b. p. Ill — 112°/13 mm., m. p. 
28 — 29°, is formed. It yields a semicarbazone, in. p. 171°, has all the 
properties of a fi- diketone, and does not react with magnesium methyl 
iodide. 

The isomeric substance, 2-acetyl-l : l-dimethyl-3-cycfohexanone (loc. 
cit.), is soluble in alkalis, does not form a copper derivative, and reacts 
with magnesium methyl iodide, forming '2-acetyl-l : 1 : 3-trmethykydo- 

hexan-Z-ol , in. p. 88 — 89°, b. p. 232“/ 

750 mm., which crystallises in prismatic needles. On boiling with 20°,, 
sulphuric acid, it furnishes the corresponding dimelhyltetrahydrcaceto- 
phenone , b. p. 207 — 208°/ 745 mm., D ,& 0*935, h» T4776, which has a 
strong odour of peppermint. On oxidation with permanganate, this 
furnishes an acid, C 3 H 14 0 4 , m. p. 86°. T. A. H. 

. Quinhy drones from Chloranil and Aromatic Hydrocarbons. 
Hermann Haakh {Her., 1909, 42, 4594—4596. Compare Sclileuk, 
Abstr., 1909, i, 807). — Tetrachloro-p-benzoquinone forms intensely- 
coloured quinhy drones with stilbeno and naphthalene, which are stable 
at about 100°, but dissociate into their components at the ordinary 
temperature ; the violet quinhy drones derived from acenaphtbene and 
acenaphthylene are stable at the ordinary temperature. Interesting 
is the fact that solutions of chloranil in benzene and xylene are 
faintly orange and yellotvish-red respectively, indicating in the second 
case partial quinhydronc formation. W. H. G. 
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preparation of Halogenated Anthraquinonee. Badische 
Anikin- & Soda-Fabrik (D.R.-P. 214714), — Halogenated anthra- 
quinonesulphonic acids were formerly obtained by treating the anthra- 
quinonesulphonic acids in concentrated or fuming sulphuric acid with 
halogen or halogenatiog substances. It has now been found that in 
these acids the sulphonic group is replaced by halogen when this 
reaction occurs in the presence of water. 

1 A trichloroan thraquinone (probably 1:3: 4-) is obtained by the action 
of potassium chlorate and hydrochloric acid on an aqueous solution of 
sodium 1 : 4-dichloroanthraqumone-/?-gulphonate. It forms yellow 
needles, m. p. 237°. 

1 ; 4-Dichloroanthraquinone-a-sulphonic acid gives a trichloroanthra- 
qumone , melting at 253 — 254°. A dichlorobromoctnthraquinone, m. p. 
233°, is produced by, the action of bromine and water at 190° on 
sodium 1 : 4-dichloroauthriiquinone-jS-sulphonate. F. M. G. jtf. 

Preparation of Halogenated Nitroanthraquinonea. Farben- 
fabriken vorm. Friedrich Bayer & Co. (D.R.-P. 214150). — The nitro- 
anthraquinonesulphonic acids, like the anthraquinonesulphonic acids, 
yield halogenated derivatives when treated with aqueous chlorine, the 
sulphonic group being eliminated in each case. 

1 Chloro-b-nilroantkraquinone is prepared from sodium 1 : 5-nitro- 
anthraquinonesulphonate by treatment with sodium chlorate and 
hydrochloric acid ; it forms pale yellow needles. 1 : 6-, 1 : 7-, and 1 : 8- 
Chloi'onitroanthraquinones were similarly obtained, and tho colours of 
their solutions in various solvents are tabulated in the patent. 

F. M. G. M. 

[Preparation of Thioglycine Derivatives of Anthraquinone.] 

Fakbenfabrjken vorm. Friedrich Bayer <fc Co. (D.R.-P. 213960. 
Compare Abstr., 1909, i, 496, 941). — The action of the previously- 
described thiolanthraquinones on chloroacetylaminoanthraquinones 
leads to the formation of anthraquinonetbioglycines having the general 
formula (A = anthraquinone) A'S'pH^CO’NH’A. 

The following components and their condensation products are 
described in the patents : 

Chloroacetyl-\-aminoanttiruquinone, gi'eenish-yellow needles, and its 
condensation products with a- and /^-thiolanthraquinones. 

Chloroacetyl-\-aminQ-A:-hydroxya,ntkraquinone, oraDge-red needles, and 
the products of its condensation with a-thiolanthraquinone and with 
1 : 5-dithiolanthraquinone. 

Chloroacetyl-l : l-diaminoanthraquinone, yellowish-brown prisms, and 
its compound with a-thiolanthraquinone. 

Chloroacetyl~\ : 5 -diamino- i : S-dihy dr oxy anthraquinone, and its con- 
densation product with a-thiolanthraquinone. F. M. G. M. 

The Naphthacene Series. III. Hugo Voswinckel and Fritz de 
Weertii ( Ber 1909, 42, 4648—4650. Compare Abstr., 1906, i, 99 ; 
1909, i, 166).- -When naphthacencdiquinone, acetic acid, and an excess 

VOL. XCVIII. i. c 
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of sulphuric acid are heated to a higher temperature than is required 

for the preparation of 6 : ll-dihydroxy-6-acetoxy-il-p-hydroxyphenvl 

dihydronaphtbacenequinone, the chief product is 5 : \%-dihydro%y-\\ 
phenonaphthacenequinone (annexed formula), which 
crystallises in dark red, pointed prisms, soluble ie 
dilute sodium hydroxide or in concentrate 
sulphuric acid to red solutions. The diacetvl 
derivative, C 24 H 12 0 4 Ac 2 , has m. p. 264°. The 
same quinone is formed when the primary con- 
densation product (dihydroxy acetoxy - hydroxv- 
phenyldihydronaphthacenequinone) is heated with 
acetic and sulphuric acids ; the reduction then 
proceeds at the expense of part of the quinone and 
the product C 24 H 16 0 5 , m. p. 174° (Abstr., 1909 i 
167) is also obtained. ’ 

5 : 1 2 ~ Dihydroxy -G-Jceto-l 1 -hydroxyphenyl-'o : ll~dihydronaphthacene 
^CH(C c H 4 ‘OI1)‘C‘C(OH) s 



c«h 4 < 


co- 


-OC(OH) 


>C 6 H f . 


obtained by reducing the phenodihydroxynaphthacenequinone with an 
alkaline solution of sodium hyposulphite, separates as an orange- 
coloured, crystalline powder, m. p. 225°. The triacetate , C 24 H ls 0 4 Ac , 
forms a pale yellow, crystalline powder, m. p. 206 — 210°. When the 
quinone is reduced with zinc dust and glacial acetic acid, a jmduct, 
C 9A H lfi (X„ is obtained as a pale yellow, crystalline powder with no 


definite m. p. Its acetyl derivative, C^Hj 


,0 4 , has m. p. 171°. 

J.J.S. 


^Stereo- and Structural Isomerides obtained by the Intro- 
duction of Acyl Radicles into /J-Hydroxylamines. I. Guido 
Ottsmano ( Gazzetta , 1909, 39, ii, 336 — 346). — 1 The author describes 
observations on the action of acyl chlorides on /J-hydroxylamines, and 
shows that this reaction affords a means of obtaining substituted 
hydroxy-iminic acids. 

The compound described by Beckmann and Pleissner (Abstr., 1891, 
936) as pulegonehydroxylamine benzoate, m. p. 137 — 138°, which may 
be prepared by the action of benzoyl chloride on pulegonehydroxyl- 
amine in ether, is, in reality, anti -menthonylbenzhydroximic acid, 
Ph'OO’C H .0 

H 10 17 , [a]u -20*14° (in alcohol); in freezing acetic acid 


it has the normal molecular weight, and when treated with sodium 
ethoxide, it yields sodium benzhydroxamate and pulegone. 

,, 7 „ , J . . .. Ph-C*OC 10 H 17 0 , . 

syn-Menthonylbenzhydroximic acid , m. qjj , prepared ay 


the action of concentrated hydrochloric acid on the amft’-compound, or 
by varying the conditions under which benzoyl chloride and pulegone- 
hydroxylamine react, has m. p. 182°, [a]p -42*44° (in methyl 
alcohol), and exhibits normal cryoscopic behaviour in acetic acid. Its 
hydrochloride, m. p. 58° (decomp.), is converted at 100° into an oil, 
which, with sodium carbonate, yields lenzhydroxamic and benzoic 
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acids and a substance, m. p. 84°, soluble in hydrochloric acid with 
formation of Si/n-menthonylbenzhydroxiinic acid. 

The menthonyl ether of benzhydroxamic acid. ^ u 

n-oc^h^o' 

obtained, together with syrc-menthonylbenzhydroximic acid, by the 
action of gaseous hydrogen chloride on the antacid suspended in 
ether, forms plates, m. p. 96°, and may be converted into syn- 
menthonylbenzbydroximic acid by the action of hydrochloric acid. 

T. H.P. 

Syntheses in the Camphor and Terpene Series. II. Com- 
plete Synthesis of Camphoric Acid and Camphor. Gustav 
Kompfa ( Annalen , 1909, 370, 209—233. Compare Abstr., 1909, 
i, 726).— The present communication contains a detailed account of 
the synthesis of camphoric acid from opocamphoric acid, thereby 
establishing the validity of Bredt’s camphor formula. 

When diketoopocamphoric acid (1 mol.) is treated with methyl 
iodide (2 mols.) and sodium methoxide (2 mols.) in methyl-alcoholic 
solution, it yields a mixture of methyl diketocamphorate and methyi- 
ketomethoxydehydrocamphorate, which is resolved by treatment with 
an aqueous solution of sodium carbonate, in which the first named is 

soluble. Methyl diketocamphorate , QQ^^|^Q 2 ^|>CMe 2 , crystallises 

in stout plates, m. p. 85—88° ; the copper salt, C 24 H 3() 0 12 Cu, crystal- 
lises in stellate groups of bluish-green prisms ) the acid is reduced in 
aqueous solution by sodium amalgam, yielding 4 : f>-dihydroxycamphoric 
acid, obtained as a viscid, yellow syrup ; the silver, C 10 H 14 O 6 Ag, and 
barium (1H 2 0) salts are amorphous, white powders. 

2:2: 3-Trimethyl i± 5 -cyclopentene-l : Z-dicurloxylic acid, 
CH,-CMe(C'0, J H) 

CH=C(C0 2 Ur 2 ’ 

is obtained by reducing 4 : 5-dihydroxycamphoric acid with hydriodic 
acid and red phosphorus, also by hydrolysing the ester resulting from 
the action of diethylaniline on ethyl a-bromocaraphorate ; it crystal- 
lises in small, colourless, monoclinic prisms, m. p. 221 — 223°, and is 
converted by a solution of hydrogen bromide in glacial acetic acid at 
120 — 125° under pressure into (3-bromocamphoric acid, obtained as an 
oil, which, when acted on by zinc dust and glacial acetic acid, yields a 
mixture of camphoric and ?socamphoric acids. The semi-anilide of 
r-camphoric acid, C 16 IJ 21 O a N, prepared by the action of aniline on 
r-camphoric acid in alcoholic solution, crystallises in small, rhombo- 
hedra or long needles, m. p. 214-5° — 215‘5° (corr.). 

M ethyl i-keto-5-methoxydehydrocamphorate, 


c<omc):c(co 2 Mo) 

CO — e 2» 


-CMe(CO„Me) > ‘ 

is an ether-like oil, b. p. 156 — X57°/8 mm., DgS M88, 1*49212, 

which, when reduced with sodium amalgam and methyl alcohol, yields 
the corresponding hydroxy-acid, from which dehydroeamphoric acid is 
obtained by treatment with hydriodic acid and red phosphorus. 

W. H. G, 
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Condensation Products from Camphor. Marcel Guerret 
(Compt. rend., 1909, 149, 931—933* Compare Abstr., 1909, i, 310). 

The formation of neutral, oily products when the mixture resulting 

from the action of sodium on a solution of camphor in toluene is 
heated at 280° has been observed by Montgolfier (Abstr., 1878, 891), 
who supposed them to have the composition (C 10 H 1Q ) n . The oil has 
now \>een distilled, and from the fraction b. p. 326 — 335° two con- 
densation products isolated. 

(i) Bornylenecamphor , C s H 14 <^q / > C 8 Hj 4 occuts as colour- 
less needles, m. p. 93°, [a] D + 69*2° in alcohol. It unites with hydrogen 
bromide, forming a compound , C £0 H 31 OBr t m. p. 202-203°. Bromine 
attacks it, liberating hydrogen bromide and yielding b'omobomylmt - 
camphor , C 20 H 29 OBr, m. p. 101°. Warm fuming nitric acid converts 
bornylenecauiphor into a ?Mfro-derivative, C^H^jO'hitX, which crystal- 
lises in colourless, rhombic tablets, m. p. 204°, and forms a sodium 
salt, C 9ft H 2S 0Na*N0 2 ,3H 2 0, occurring as pearly leafiets. 

> w z* « CH-CH 

(ii) Bomylcampkor, C 8 H, 4 <^q ^ ]>C 8 H h , crystallises in needles, 

m. p. 77*5 C , and can also be prepared by the reduction of benzylidene- 

camphor by sodium amalgam in acid alcoholic solution. 

r vzr n iit 


Composition of Oil of Turpentine. Eugene Dakmois {Compt, 
reni l , 1909, 149, 730—733. Compare Abstr., 1908, ii, 747)— A 
further application of measurements of rotatory dispersion to the 
determination of the composition of optically active hydrocarbons. 
Dextrorotatory turpentine contains d-pinene, together with a hydro- 
carbon showing feebly Isevorotatory dispersive power and having 
[alp - 21*7°. The latter appears also to be present in French hevo- 
oils, and may be identical with nopinene. The b. p. of the oil from 
Finns halepensis remains constant at 155° for 90% of the product ; 
the distillate shows strong dispersion, and has [a] D + 82 8°, m. p. -50 . 

By the application of Biot’s law of mixtures as previously 
indicated, the proportion of pinene in French lievo-oils and in 
Algerian dextro-oils is found to be 62%. ” ■ G* 


Hydrogenation in the Terpene Series. G. A t avon {Compt, 
rend., 1909, 140, 997— 999).— Pinene rapidly absorbs hydrogen m 
presence of platinum-black. In this way the a-pinene (Algerian) 
prepared by Darmois (preceding abstract) has furnished, in quantita- 
tive yield, a hydrocarbon, C 10 H 18 , b. p. 166°/755 mm., f«] D + 22 i. 
~D\l 0-861 , solidifying at about - 45°. It diff ers from the hydrocarbon 
described by Sabatier and Senderens (Abstr., 1901, i, 459) in remain- 
ing unaltered on exposure to air. Under the same conditions, ^ 
/-pinene yields the same compound, but having |aj u - ^ “ 

/l-pinene therefore appear to yield the same substance on J 

Camphene forms a hydrocarbon, C 10 H 18 , m.p. about 87 , ** lic |\* 
not identical with that obtained by Sabatier and Senderen 
* and J. Pharm. Chiuu, 1910, [vii], 1, 5—10. 
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by the action of water on the magnesium derivative of camphene 

hydrochloride. 

Limonene, [a] D + 121‘3°, combines with 4H, giving an inactive hydro - 
carbon, b. p. 169°, D]g 0 803. Maleic, fumaric, cinnamic, and errjcic 
acids have been hydrogenated in the same way. W. 0. W. 

[a-Terpinene] Karl Auwebs. (Ber., 1909, 42, 4427 4429. 

Compare Abstr., 1909, i, 592).— Polemical. A reply to Semmler 
(Abstr., 1909, i, 942). B. V. S. 

Constituents of Ethereal Oils. I. Terpinolene. II. 
TerpineDe. Friedrich W. Semmlf.r and Exdre Schossberger 
( Ber 1909, 42, 4644 — 4647).— I. Pore terpiuoleoe is be*t prepared 
by the action of zinc dust on an ethereal-alcoholic solution of the pure 
tetrabromide, m. p. 115 — 116°. When acetic acid is used, the product 
always contains appreciable amounts of terpinene. Pure terpinolene 
has b. p. 67— 68°/l0 mm., D 20 0‘854, and w D 1*484. 

II, Terpinene. Polemical (compare Auwers, preceding abstract). 

J. J. S. 

Cryptomeria Japonica Oil. H. Kdiuiia (Ber. Deut. pharm. Gts., 
1909, 19, 369 — 387). — The oil distilled from the wood of this tree 
is shown to consist to the extent of 60% of the sesquiterpenes, J-cadinene 
and suginene, the residue being a sesquiterpene alcohol, cryptomeriol 
(compare Kimoto, Chem. Centr 1902, ii, 382 j Keimatsu, Pharm. 
1905, 189). 

On stean\ distillation the wood yields 1*5% of a yellow oil, which 
darkens and thickens on standing. The re-distilled oil has D 0*9590, 



with hydrogen chloride, which furnished a solid and a liquid 
dihydrochloride. The former had m. p. 117 — 118° and [a] r , - 37°4' in 
chloroform, and proved to be identical with J-cadinene dihydrochloride 
from cade oil. The liquid hydrochloride on treatment with sodium 
acetate and acetic acid regenerated a new sesquiterpene, suginene, 
D 0*918, [a]u - 10°34\ which yields a liquid dihydrobromide , b. p. 
140—150^/16 mm., D 0*988, [a] D -11°15\ The sesquiterpene 
regenerated from this had D 0*921 and |a] n +14°43', whilst that 
regenerated from the liquid dihydriodide had D 0‘9 1 1 and [a] D — 24°21\ 
No crystalline derivatives of suginene could be obtained, but it 
appears to be oxidised to an alcohol by treatment with bromine 
water. 

The alcoholic portion of the oil was isolated by treatment with 
potassium wire, the sesquiterpene portion being then removed by 
distillation under reduced pressure. The potassium derivative was 
freed from excess of potassium and other impurities by solution 
in ether. The potassium derivative, on treatment with water^ 
furnished cryptomeriol, C l5 H 25 *OH, b. p. 162 — 163°/10 mm,, D 0*964, 
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[a] D - 37°5 , a thick, colourless oil. The potassium derivative of tV 
when treated with carbon disulphide, yielded a xanthic ester lS ’ 
Ci 5 H 25 0-CS*SK } 

which on addition of water did not regenerate the original 


but colourless, crystalline isocryptomeriol , C 15 H 26 0, m. p. 135 1350* 

and a new liquid alcohol , [a] D - 3°25\ On treatment with formic 
acid, cryptomeriol yielded a sesquiterpene, D 0 918, b. p. 

13 mjn>, [a) D - 1°5', and with phosphoric oxide, a second seeauiteruJ 
D 0*917, [o] D + 56°26', which was also prepared from the first 
sesquiterpene by the action of phosphoric oxide. Both gave liquid 
products with gaseous halogen acids. * 

Cadinene cannot be regenerated unchanged from its compounds with 
the halogen acids. X. A. H 


Volatile Oil of Rhus Cotinus (“Young Fustic”). Gustave 
Peskier and A. Fouchet (Bull. Soc. chim ., 1909, fiv], 5, 10 7 4 — 1075 ) 
— The leaves and twigs on steam distillation yield 0*1%| of a colourless" 
volatile oil with an odour somewhat recalling that of oil of turpentine* 
The oil has D 15 0*875, n D T4693, [a] D + 13°, is completely soluble in 
alcohol of 94°, is acid to litmus, contains free alcohols, and gives the 
aldehyde reaction with Schiflf’s reagent. X. A. H. 


Catalytic Oxidation of Guaiacum Resin by Copper. Hector A. 
Colwell (J. Physiol 1909, 39, 358 — 360). — Both metallic copper and 
its salts have a catalytic oxidising action on guaiacum, which is 
remarkable among the other metals examined for its intensity. 

W. D. H. 


Preparation of Indican. Henri ter Meulen ( Rec . trav. c him., 
1909, 28, 339 — 341). — In a previous paper (Abstr., 1900, i, 404) the 
author has shown with Hoogewerff, that indican may be prepared 
conveniently from plants containing it, by extraction with boiling 
water, but Perkin and Bloxam have stated recently (Trans., 1907, 91, 
1715) that in their experience extraction with water gives a smaller 
yield of indicati than is obtained with acetone as a solvent. 

The author has repeated the previous work with material supplied 
to him by Perkin and Bloxam, and finds that, using his modified 
process (Rec. trav. chim., 1905, 24, 468), ho obtains 2*7% of indican 
as compared with 3*166% found by Perkin and Bloxam, so that 
extraction with hot water does not necessarily involve any material 
loss of glucoside. T. A. H. 

Active Principle of a Benin Spear Poison. Patrick F. 
Laidlaw (J. Physiol 1909, 39, 354—357). — The supply of poison 
was obtained from two spear heads from Benin. Although attempts 
to prepare a pure crystalline toxic substance failed, owing to impurities, 
there is no doubt that the poison is a glucoside which has the 
solubilities and physiological properties of strophanthin ; it also gives 
the characteristic colour reaction of that substance. W. D. H. 
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Discovery of the Optical Activity of Tannin. Edmund 0. 
von Lippmann (Ber. t 1909, 42, 467S— 4679. Compare Rosenheim, 
Abstr., 1909, i, 599). — C. Scheibler (Zeitsch. Zuckerind 1866, 10 , 33 ) 
appears to have been the first to draw attention to the optical activity 
shown by certain specimens of tannin. J. J, s. 

Furfurylpropylcarbinol. Mile. Eug&nie Jolkver (Rec. trav, 
chim., 1909,28, 439 — 443 ). — •Furfurylpropylcarbinol, 
C 4 OH g 'CHP r a *OH, 

b. p.. 92 — 93°/12 mm. or 195 — 1 98°/7 60 mm., prepared by Grignard’s 
method (Abstr., 1901, i, 680) from magnesium propyl bromide and 
furfuraldehyde, is a colourless liquid, which becomes yellow on ex- 
posure to light. The corresponding chloride has b. p. 90 — 91°/6 mm, 
or 94 — 95°/10 mm., and the acetate , b. p. 96 — 97°/22 mm. or 106°/ 
28 mm., is a colourless, mobile liquid of pleasant odour. T. A. H, 


4 -Benzylcumaran. Charles Marschalk (B er. } 1909, 42, 
4485 — 4487). — 4 - Benzylcumaran (annexed 
formula), prepared by the reduction of 4 - 


O 


/y\ 


CH 2 Ph x/ 


|CH , 2 benzoylcumaran (compare Abstr., 1907, 
CH 2 i, 950) by means of sodium and alcohol, forms 
white crystals, m. p. 61°, and dissolves in con- 
centrated sulphuric acid, giving a yellow solution, which becomes green 
on addition of ferric chloride. This compound is presumably the 
mother substance of the catechin group. ' T. II. P. 


Triphenylmethyl, XVIII. Quinocarbonium Salts. Moses 
Gomberg and Lee H. Cone ( Annalen , 1909, 370, 1 42 — -208. Compare 
Abstr., 1907, i, 504 ; 1909, i, 144). — A complete parallelism is shown to 
exist between the salts of triphenylcarbinol and its derivatives and the 
salts of xanthenol and analogous substances, from which the con- 
clusion is drawn that the compounds which have been regarded 
previously as carboxonium salts (compare Kehrman.n, Abstr., 1900, 
i, 61 ; Werner, Abstr., 1902, i, 50) are really carbonium salts, and, 
like triphenylcarbinol chloride, capable of existing in a benzenoid ( 1 ) 
and a quinonoid (II and III) form : 


J. 0<&2 4 >CPh*Cl 


II. 0< 


CIH ' 


H 


III. c 6 h 4 <i_ 0 . 


C 6 h‘- >C:C « H ‘ < 'C1 

■CPIl—/ ,H 

J i/ • 

V\fl, 


When hydrogen chloride is passed into a solution of xanthenol in an 
indifferent solvent, a yellow precipitate is obtained, which is a hydro- 
chloride of xanthenol chloride (quinoxanthenol chloride hydrochloride) ; 
the mol. of hydrogen chloride may be removed by suitable treatment, 
leaving a colourless chloride. The normal, colourless xanthenol 
chlorides are very similar in their chemical behaviour to triphenyl- 
carbinol chloride. They give yellow solutions when dissolved in 
liquid sulphur dioxide, showing that they exist in two tautomeric 
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forms, a further proof of which is shown by the behaviour of jihenyl- 
/j-bromoxanthenol bromide, which when treated with silver chloride 
yields phenyl-p-chloroxanthenol chlorido. 

The formation of coloured derivatives is induced, not only by 
sulphur dioxide and hydrogen chloride, but also by metallic halides 
sulphuric acid, and perchloric acid. The last-mentioned acid foring 
stable, crystalline salts, not only with xanthenol derivatives 
but also with those of triphenylmethane, which latter do not 
contain oxygen. The colour of these salts cannot be due, therefore 
to the formation of oxonium salts. 

Phenylxanthenol (compare Biinzly and 
CPh — H Decker, Abstr., 1904, i, 912) when treated 

(TH 4 <_ J |/ in chloroform with a solution of acetyl 

%/\qj jjq chloride and subsequently with hydrogen 
’ chloride yields phenylquinoxantknol 

chloride hydrochloride (annexed formula), crystallising in glistening, 
reddish-orange prisms ; the chloride , 0.(C 6 H 4 ) 2 .CPhCl, is obtained 
by passing air through a solution of the hydrochloride just described 
at about 50—60° in the complete absence of water; it crystallises 
in colourless prisms, m. p. 105 — 106°. A solution of the chloride 
in benzene (1) when heated under pressure with silver yields 
an unsaturated compound, which, in analogy to triphenyl methyl, 
absorbs oxygen quite readily, yielding phenylxanthenol peroxide, 

|^0<C^^ 4 x > C!PhJ 2 0 2 , transparent, colourless, glistening leaflets, m. p. 

219° (decomp.), aud (2) when treated with magnesium benzyl chloride 
yields ajd-diphenyl-a-xanthylethane , O^C.jH^'CPh’CHoPh, colourless, 
rhombic prisms, m. p. 169°. The following additive compounds of the 
chloride have been prepared : f&richloride, C^II^OChFoClj, brownish- 
red spangles, sinters at 167°, m. p. 170° ; mercurtchlo7'ide, 
C ]0 I£ u OCl,HgCl 2 , 

white powder, sinters at 230°, in. p. 248—250° (decomp.) ; perbromvk, 
C 19 H l3 OCl,Br 2 , unstable, orange-yellow powder, sinters at 146°, m. p. 
15u° (decomp.); periodide , C 19 H 13 0C1,1 2 , brownish-red, crystalline 
powder; perchloride, C l9 H 19 OCl,CI 2 , orange-red needles. Phenyl- 
xanthenol hydrogen sulphate, C 19 H 13 OS0 4 H., forms stellate aggregates 
of orange crystals, m. p. 175°; the perchlorate, C 19 H 1S 0‘C10 4 , obtained 
by the action of silver perchlorate on the chloride or directly from 
perchloric acid and phenylxanthenol, crystallites in golden, transparent 
prisms, m. p. 281 — 282°. 

The following compounds are obtained by methods similar to those 


• just described. 

p-Tolylxanthenol, 0<^°{{‘>C<^' Mo , prepared from xanthone 

and yModotoluene, crystallises in groups of small, transparent plate?, 
m. p. 150°. p- 1'olylquinoxanthenol chloride hydrochloride t 

0< -C*H*(Cl, hC])^ C ' C iH> ’ 

is an unstable, brown, crystalline substance. The chloTi de, 

o:(C 0 h.) s :c(C v h,)ci, 

crystallises in colourless prisms, in. p. 131°; Jemcnlondt, 
C a H ls OCl,FeCl,, 
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yellowish-brown crystals, sinters at 205°, in . p. 2H° ; zinc chloride, 
a 0 H 15 OCl,ZnCl 2 , brownish-yellow needles, sinters at 233°, m. p. 
240—247° (decomp.) ; perbromide , C 20 H 15 OCl,Br 2 , amorphous, brownish 
yellow powder ; the perchlorate , C 20 H 15 OC10 4 , crystallises in yellow 
needles, m. p. 239°. p -Tolylxanthenol peroxide, C 40 Hg 0 O 4 , forms 
colourless, glistening prisms, m. p. 212° (decomp. ). 

Phenyldinaphthoxantherwl, O^p^H^CPh’OII, prepared by oxid- 

ising benzylidene-/3-dinaphthyl oxide in glacial acetic acid with lead 
peroxide, has m. p. 265 — 268°. Phenyldinaphthoquinoxanthenol chloride 
hydrochloride , C ?7 H 1S 0C1 2 , crystallises in long, dark red, glistening 
needles, loses hydrogen chloride when heated, becomes white at 230°, 
m. p. 270 — 274°. Phenyldinaphlhoxanthenol chloride, C 27 H l7 OCl, forms 
almost colourless crystals, m. p. 274°; th e/errichloride, C 27 H l7 OCl,FeCl 3 , 
dark red needles ; stannicldoride, 0 27 H l7 0Cl,SnCl 4 , red crystals, and 
zinc chloride , C 27 H l7 OCI,ZnCl 2 , glistening, red needles, were analysed ; 
the hydrogen sulphate , C 27 H 17 0*S0 4 H,JET 2 S0 4 , forms long, red needles, 
m. p. 145 — 150° ; the perchlorate, C^H^O’CIC^, crystallises in scarlet 
leaflets with a golden shimmer, and does not melt at 280°. 

y-Melhox y phenyldinaphthoquinoxanthenol chloride hydrochloride, 

L . c 28 h 15 o 2 ci,hci, 

forms dark red, glistening crystals, m. p. 235° (decomp.). p-Methoxy- 
phenyldinaphthoxanthenol chloride , 0!(C ft H 4 ) 2 IC(C fl H 4 -0Me)Cl, forms 
white crystals ; the red, crystalline additive products with ferric 
chloride, m. p. 235 — 237°, stannic chloride, zinc chloride, and iodine 
were analysed ; the hydrogen sulphate, 0 2g H 1E) 0 2 , S0 4 H,4H 2 S0 4 , bright 
red needles, m. p. 145°, and perchlorate , C 2s lI 19 0 3 *CI0 4 , were" 
analysed. 

p •Chlm'ophenylxanthenoly Oi(C 6 H 4 ) 2 !C(C 6 H 4 Cl)*OH, has m. p. 173°; 
the chloride, C^H^OClj, forms colourless, transparent prisms, m. p. 
about 104 — 105°, and when treated with alcohol yields p-c/tforo- 
phenylxanthenol ethyl ether, C 2l H l7 0 2 Cl/crystallising in tufts of colour 
less crystals, m. p. 120 — 121° ; the additive compounds of the chloride 
with ferric chloride, m. p. 209 — 210°, zinc chloride, and bromine, m. p. 
166° (decomp.), were analysed; they are orange-red, crystalline 
powders, p -Chlorophenylxanlhenol peroxide , C 3g H 24 0 4 Cl 2 , prepared by 
the action of silver and air on a solution of the chloride in benzene, 
crystallises with benzene in colourless, glistening prisms, m. p. 213° 
(decomp.). p-Chlorophenylguinoxanthenol chloride hydrochloride, 
C 19 H I2 OCl a ,HCl, 
forms browDish-yellow needles. 

V’firomophenylxanthenol, C 19 II 13 0 2 Br, crystallises in long, colourless, 
pointed needles, m. p. 183°; the chloride , C 19 II 12 OBrCl, forms trans- 
parent, colourless prisms, m. p. 118 — 119°; the perchlorate , 
d 1S jH 12 0Br*C10 4 , 

is a crystalline, orange powder, sinters at 295°, m. p. about 310° 
\>-Bromopkenylquinoxanthenol chloride hydrochloride , C l2 tf l3 OClBr,HCI, 
crystallises in yellow needles. p-Bromophenylxanthenoi peroxide, 
C 3S H 24 0 4 Br 2 , 

crystallises in colourless, rhombic plates, ni. p. 210 — 211° (decomp.). 

Pkenyl-p chloroxanthenol, O^^^^^CPh’OH, prepared from 
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4-chloroxanthone and magnesium phenyl bromide, crystallises j n 
Blender leaflets, m. p. 164° ; the chloride , C 19 H 12 0C1 2 , crystallises in 
rosettes of colourless rods, m. p. 151°. k-Chloroxanthone was prepared 
as follows : 2 : 4-dichloroaniline is converted into 2 : 4-dichlorobenzo- 
nitrile, colourless prisms, m. p. 61°, which] when hydrolysed yields 
2 : 4-dichlorobenzoic acid, m. p. 164°; the latter substance when 
treated with sodium phenoxide and copper powder yields 4-chloro-2- 
phenoxy benzoic acid, m. p. 17 l c , which is converted by warm con- 
centrated sulphuric acid into 4-chloroxanthone, m. p. 130°. The 
compound, m. p. 171°, described by XJllmann and Wagner is probably 
an isomeride (compare Abstr., 1007, i, 846). Phenyl-p-chloroquino~ 
xanthenol chloride hydrochloride, C 19 H 12 0C1 2 ,HC1, is an extremely 
unstable, red, crystalline substance. 

Phenyl-^- bromoxanthenol, C 19 H 13 0 2 Br, prepared by way of ihroma- 
2 -phenoxybenzoic acid, C 13 H 9 0 3 Br, crystallising in rosettes of needles 
m. p, 178°, and i^bromoxantkone, colourless needles, in. p. 126°, is 
obtained in colourless crystals, m. p. 145°; the bromide, C 19 H 12 OBr., 
crystallises in almost colourless needles, m. p. 155°. Phenyl-p-bromo- 
quinoxanthenol bromide hydrobromide , C 19 H 12 OBr 2 ,HBr, crystallises in 
orange-red prisms with a blue reflex. 

II. Hydrochlorides and Perchlorates in the Triphenyhnethane Series,-^ 
Phenyldi-p-anisylcarbinol chloride combines with hydrogen chloride, 
forming a hydrochloride , 0Me*C d H 4 *GPh!C fl H 4 (0Me)01,HCl, obtained 
as a dark red oil. Tri-p-anisylcarbinolchloride hydrochloride, 
C(C 6 H 4 ‘OMe) 2 :C 6 H 4 (OMe)Cl,HCl > 

crystallises in dark red needles with a blue reflex (compare Baeyer 
'and Villiger, Abstr., 1903, i, 811). 

The perchlorates of the following compounds have been prepared 
and analysed : triphenylcarbinol, 0 19 H 15 *C10 4 , red crystals, m, p. 
150° ; diphenyl-p-tolylcarbinol, C 20 H i 7 'C1O 4 , brown crystals ; tri-jo- 
tolylcarbinol, C 2 . 2 H 21 *C10 4 4C 6 H 5 , N0 2 , glistening, violet crystals, m. p. 
187° ; p-chlorotriphenylcarbinol, C lg H l4 01*Ct0 4 , compact, red crystals, 
m, p. 142 — 144°; p-bromotriphenyicarbinol, red crystals with a blue 
reflex, m. p. 151° ; tri-/)-chlorotriphenylcarbinol, small, brownish-red 
plates with a violet reflex, m. p. 172—174°; tri-jo-bromotriphenyl- 
carbinol, C 19 H 13 Br 3 *CI0 4 , dark brownish-red crystals, in. p. 174 — 175°; 
diphenyl-p-anisylcarbinol, 0 2 oH 1? 0*C10 4 , red needles, m. p. 192°; 
phenyldi-yj-anisylcarbinol, dark rod needles, m. p. 112 — 113°; tri-p- 
anisylcarbinol, C 22 H 21 0 S *C10 4 , dark purple needles, m. p. 195°. 

IIL Derivatives of Benzo-y-pyrone. — The pyranols are regarded as 
being strictly analogous to the xanthenols, the coloured pyranol salts 
■ being quinocarbonium salts (compare Decker, Abstr., 1907, 4* 1064). 


b /\/\ 

b h \\ i ^ 
\/\/ 
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Ph 
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II.) 


(II.) (HI.) 


2 : Z-Diphenylbenzopyranol chloride hydrochloride (formula 1) crystal- 
lises in loDg, yellow needles. 
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[With 0. B. Winter.] — 1-Hydroxyl : i-diphenylbenzopyranol chloride 
hydrochloride, C 21 H 16 0 3 C1 2 , forms orange-red crystals; it loses 1HC1 
when dry air is passed through the solution in chloroform, yielding the 
orange-yellow quinonoid chloride (formula II) ; -if the solution be heated, 
another mol. of hydrogen chloride is evolved, with the formation of 
the quinone (formula III), an amorphous, red powder. 

IV. Acridine Derivatives . — The salts of the phenylacridols are 
probably quinocarbonium salts of the same type as the coloured salts 
of phenylxanthenol. 

5 : 10 -Diphenylacridol chloride hydrochloride , 



crystallises in golden needles; the chloride, C 25 H 18 NC1, prepared by 
the action of acetyl chloride on 5 : 10-diphenylacridol, crystallises 
with lMe*C0 2 H and 2C 6 H 6 in yellow crystals, and with 2CHC1 3 in 
yellow plates ; it is also obtained by heating the hydrochlride in a 
vacuum at 150°, and does not melt at about 300°. W. H. G, 

3 : 0-Dimethylfluoran. Enos Ferrario and M. Neumann (Bull. 
Soc. chim 1909, [iv], 5, 1098—1101. Compare Lambrecht, Abstr., 
1909, i, 949).— 3 : 6-Dimefchylfiuoran, m. p. 213*5° (corr.), has been 
obtained by the action of phthalyl chloride on m-cresol, and also in 
80% yield by heating phthalic anhydride with m-cresol and zinc 
chloride. The compound is readily esterified by heating with alcoholic 
hydrogen chloride ; on the addition of platinic chloride, the platini - 
chloride, (C 21 H 16 0Cl*C0 3 Et) 2 PtCl 4 , separates. The methyl ester, 
C 21 H l7 0*C0 2 ]V£e, has m. p. 115 — 116°. 

The addition of bromine to a solution of dimetbylfluoran in 
acetic acid results in the formation of an unstable, red oxonium 
tribromide. A di&romo-derivative, m. p. 249 — 250°, and a tetrabromo- 
derivative, m. p. 306°, have also been obtained. Dimethylfluoran 
forms a tetranitro-Ao\\\&t\vo, and possibly a dinitro- 

derivative, m. p. 242°. The former decomposes at about 280°, and on 
reduction yields an amine, the picrate of which decomposes at 
120—121°. W. O. W. 

Preparation of 2 : 3-Diketodihydro-(l)-thionaphthen Deriv- 
atives. Badische Anilin- <fe Soda-Fabkik (D.R.-P. 213458. Compare 
Abstr., 1909, i, 950). — 2 : 3-Diketodihydro-l-thionaphthen-2-oxime is 
prepared by adding sodium nitrite to a cooled solution of 3-oxy-l-tbio- 
naphthen in aqueous sodium, hydroxide and subsequent acidification 
with dilute sulphuric acid. It form3 yellow, silky prisms, m. p. 168°. 
The acetyl derivative, m. p. 168°, and the phenylhydrazone, m. p. 154°, 
are described. 

On hydrolysing the preceding compound with 15% hydrochloric acid 
and reducing the colourless product with iron filings, it yields 
2 : 3-diketodihydro-l-thionaphthen, the phenylhydrazone of which has 
m. p. 162°, and the dianilino-denvativo, m. p. 80°, 

The higher homologues of the foregoing compounds are similarly 
prepared, 3-o^y-5-methyl-(l)-thionaphthen yielding *2 : S-diketo-5 -methyl- 



ABSTRACTS OF CHEMICAL PAPERS 


L 60 

dihydro-(\)-thio7iaphthen-'2-oxime, m. p. 185°, and $-chloro- 3 .^ 

( 1 )-thionaphtken gives 5-ckloro-2 : 3 -diketodihyd.ro - 1 -thionaphthen- 1 )] 
oxime, m. p. 188°. F. At. q jj- “ 

Preparation of Derivatives of 2 : 3-Diketodihydro-(l)4hi 0 
naphthens. Badisciie Anilin- & Soda-Fabrik (D.R.-P, 214781) 
Derivatives of 2 : 3'dikefcodihydro-(l)-thionaphthen have formerly teen 
obtained by the action of aromatic amines on the dihalogenated 
derivatives of 3-ketodihydro-(l)-thionaphthen and hydrolysis of the 
product. It has now been found that nitroso-derivatives of aromatic 
amines will condense with 3-oxy-(l)-thionaphthen itself, giving rise to 
a condensation product which, on hydrolysis, furnishes the diketo- 
compound. 

3*Oxy-(l)-t.hionaphthen in alcoholic or dilute alkali solution con. 
denses at 40° with p-nitrosodimethylaniline, giving the compound 

(m. p. 176°), C s H 4 <^>C:N-C s H 4 -NMe 2 . This product, when 

hydrolysed with 15% hydrochloric 'acid, gives 2 : 3-diketodihydro- 
(l)-thionaphthen. 

p-Nitrosoebhylaniline and p-nitrosodipheDylamine give similar 
products, melting at 158° and 193° respectively, which also undergo 
hydrolysis to furnish the diketone. 

3-Oxy-5-metbyl*(l)-thionaphthen, when submitted to this series 
of operations, yields 2 : 3-diketO'5-methyldihydro-l-thionaphthen, 
m. p. 143°. F. AI. G. M, * 

Poly*membered Heterocyclic Systems containing Sulphur, 
and Ring Closure in the Para-Position. Wiliielm Autenrietr 
and Fritz Beuttel [Ber, % 1909, 42, 4346—4357). — It has been shown 
recently that dihydric mercaptans readily condense with aldehydes or 
ketones to form compounds containing six-, seven-, or sixteen* 
membered heterocyclic systems containing sulphur. The ease with 
which o-xylylene hydrosulphide reacts has suggested the use of the 
para-isomeride also. 

p-Xylylene hydrosulphide, prepared by adding a boiling alcoholic 
solution of p-xylylene bromide to alcoholic potassium hjdrosulphide 
saturated with hydrogen sulphide (compare Kbtz, Abstr., 1900, i, 
343), is separated by means of dilute aqueous sodium hydroxide from 
the simultaneously formed monoethyl ether of ^-xylylene glycol, 

<Vi„o 2 , 

* b. p. 250 — 252°. p-Xylylene hydrosulphide condenses, in the 

presence of hydrogen chloride, with aliphatic aldehydes or ketones to 
form only amorphous, rather indefinite products, but with aromatic 
aldehydes beautifully crystalline duplo-compounds are obtained, which 
are similar to those obtained from pentamethylene hydrosulphide 
(Autenrieth and Geyer, Abstr,, 1009, i, 6). The duplo-compounds 
contain an eigbteen-membered ring, and are very stable; nascent 
hydrogen does not cause the elimination of hydrogen sulphide or of 
the mercaptan ; oxidising agents do not rupture the ring, and the 
compounds are stable to boiling alcoholic potassium hydroxide, but 
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undergo deep-seated changes by treatment with fuming hydrochloric 
acid at 180°. 

Duplo-ip-xylyUnebenzylidenemercaplal, 

r rr /CH^S-CHPh-S-CH^ „ 

6 ^CH^S-CHPh-S-OH,^ 11 *’ 

m, p. 248 — 24 9°, is prepared by passing hydrogen chloride into an 
ice-cold mixture of equal molecular quantities of benzaldehyde and 
^-xylylene hydrosulphide. It crystallises in silvery leaflets, and has a 
molecular weight in naphthalene corresponding with its formula. 
In warm benzene it is oxidised by potassium permanganate and 
sulphuric acid to the tetrcisulpkone, 

q u /'CHg’SOg^CHPh'SOg’CH^ „ 
^ tL ^CH 2 *S0.yCHPh-S0 2 *CH 2 ^ U c U 4. 
which melts above 300°. 

Duplo-$-xylylene-\>-tolylidenemercaptal , C s2 H 32 S 41 m. p. 266°, is pre- 
pared in a similar way, and yields a tetrasulphone , C 82 II 32 0 8 S 4 , m. p. 
280—282° (decomp.). Duplo-y-xylylene-xa-tolyl idenemercaptai , 
C 32 U 3iA„ 

m. p. 219 — 220°, is similarly obtained in almost theoretical yield. 
£>uplo-p xylylent']\-hydroxybenzylidenemercaptal, C 30 H., 8 O.,S 4 , m. p. 
262 — 264° (decomp.), is prepared in ethereal solution, and yields a 
dibenzoate , m. p. 233°, by the Schotten- Baumann process. 

Buplop-xylylene-m-hydroxybenzylidenemercaptal, C S0 H 2S O.,S 4 , m. p. 
251 — 252° (decomp.), is also prepared in ethereal solution, and forms 
a dibenzoate, m. p. 169°. 

p-Xylylene hydrosulphide forms a dibenzoate , m. p. 135°, and a 
dibenzyl thioether , C 6 H 4 (CH 2 *S*C 7 H 7 ) 2 , m. p. 65°. The latter in 
benzene solution is oxidised by potassium permanganate and 
sulphuric acid mainly to the corresponding disulphone , C 2 2 H 22 0 4 S 2 , 
in. p. 292 — 294° (decomp.); the accompanying disulphoxide , 
C 0 H 4 (CH 2 ‘SO'C 7 H 7 ) 2 , 

m. p. 232 — 233°, is removed by acetone ; it is more conveniently pre- 
pared by the addition of 30% hydrogen peroxide to a cold solution of 
the dibenzyl thioether in glacial acetic acid. C. S. 


Poly-membered Heterocyclic Sytems containing Sulphur, 
and Ring Closure in the Meta-Position. Wilhelm Autenrieth 
and Pkitz Beuttel ( Ber., 1909, 42, 4357 — 4361). — The following 
compounds are prepared by methods similar to those described in the 
preceding abstract. 

m-Xvlylene hydrosulphide forms a dibenzoyl derivative, 
C 6 H 4 (CH,-SBz),, 

m. p. 52’5°, and a dibenzyl thioether , in. p. 48°. m -Xylylenedibenzyl- 
disulphone, C 6 H 4 (CH.,*S0 2 -C 7 H 7 ) 2 , has m. p. 225° 

After many attempts with various aliphatic and aromatic aldehydes 
and ketones, the authors have succeeded in condensing 7«-xylylene 
hydrosulphide and acetone in the presence of hydrogen chloride, the 
crystalline product being the duplo-va-xylenemercaptal of acetone , 




ABSTRACTS OF CHEMICAL PAPERS. 


i. 62 

ganate and sulphuric '^acid, and hydrogen peroxide ; the correspond! n 
tetrasulpkone , C 22 H 28 0 8 S 4 , melts above 300°, and is insoluble in all knov?Q 
organic solvents. Its molecular weight is assumed, by analogy^ 
correspond with the preceding formula. c. g 

Crystalline Alkaloid of Calycantbus Glaucus. HI. i t0 . 
Calycanthine, Isomeric with Calycanthine. Harry M. Gordj\ 
(J> Amer . Chem. Soc., 1909, 31, 1305 — 1312). — In earlier papers 
(Abstr., 1905, i, 295 ; 1906, i, 35), calycanthine and its salts have 
been described. 

On extracting the alkaloid from a new quantity of seed, a product 
was obtained which, although resembling calycanthine in composition 
and general appearance, differs from it in several important respects 
and is therefore termed isocalycanthine. Whether the two samples of 
seed were derived from different species of Calycanthus or the 
difference between the alkaloids was due to a difference in the age of 
the plants is not at present known. 

i&oCalycanthine, C n H 14 N 2 ,IH. 2 0, m. p. 212 — 214°, forms crystals of 
the bisphenoidal class of the orthorhombic system [a : 6 ; c= 
1 '2557 : 1 : 1*3226], and has [a] 0 697*97°; the anhydrous alkaloid has 
m. p. 235 — 236°. The hydrochloride, hydrobromide, kydriodide, 
platini chloride, aurxchloride , nitrate, sulphate , hydrogen sulphate, picratt, 
and picrolonate are described. 

The nitrosoamine, C n H 13 N 2 *NO, darkens at 99° and melts at 
106 — 107°. When the alkaloid is left with acetyl chloride for a few 
weeks, a steel-blue hydrochloride is produced, whilst if the mixture is 
heated for six hours in a sealed tube, a dark brown hydrochloride is 
formed. When treated with methyl iodide, the base is converted into 
its hydriodide, together with two other compounds which have not yet 
been investigated. If the alkaloid is digested with concentrated 
sulphuric acid, a product is obtained which is probably a sulphonic 
acid. E. 0. 

A New Highly Fluorescent Substance Derived from 
Physostigmine [Eserine]. Paul Gaubert ( Coinpt . rend,, 1909, 149, 
852 — 853). — When an aqueous solution of eserine is kept for several 
months, it acquires a deep blue tint, and on the addition of pbthalic 
acid develops a red fluorescence which exceeds in intensity that of all 
known substances. The compound to which this is due has been 
isolated as dark blue crystals. W. O. W, 

Constitution of Stachydrine. Ernst Schulze and G. Trieb 
(Ber. t 1909, 42, 4654—4659, Compare Abstr., 1909, i, 323).— The 
constitution of stachydrine as the methylbetaine of hygric acid 
(dimethylbetaine of a-proline) is proved by its conversion into 
derivatives of hygric acid (Willstatter and Ettlinger, Abstr., 1903, i, 
37*** nd its synthesis from this acid. 

The etftjr ; es (- er 0 f stachydrine hydrochloride forms a syrup, and 
jelds a ,^ ) f , ‘u e tPgly soluble aurichloride, C 9 H 18 0 2 NAuCl 4 , m. p. 59 — 60°. 
Ybeu dis ^ . t k e hydrochloride of the ester gives a 20% yield of 
1 P- 77 — 79°/18 mm. 

Stack} ,l iag ]j een synthesised by converting ethyl bygrate 
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(ethyl l-methylpyrrolidine-2-carboxylate) into its methiodide 
(Willstatter and Ettlinger, loc. cit 364), and then treating this with 
silver oxide. 

Stachydrine platinichloride, 2C 7 H 13 0 2 N,H 2 PtCl 6 , crystallises in 
long, yellow needles. * , J. J. S. 

Synthesis of Indolenine Ketones. Giuseppe Planciier and 
D. Giumelli (Atli R. Accad. Lincei, 1909, [vj, 18, ii, 393 — 397). — 

3 : S-Dimethylindolenme^-carboxylonitrile, CqH^q^ pre- 

viously described aa a liquid (Abstr., 1899, i, 543), has been obtained 
in the solid state, m. p. about 38°. 

3 : 3 -Dimethylindolenyl 2-methyLkeione, C 6 H 4 \^jj e jHkCOMe, pre- 

pired by the action of magnesium methyl iodide on the preceding 
compound, forms volatile needles, m. p. 130°, is readily resinified 
by acids, and gives the iodoform reaction with iodine and alkali. 
With hydroxylamine it gives the oxime, m. p. 175 — 176°, formed 
by the action of nitrous acid on 3 : 3-dimethyl-2-ethylindolenine (com- 
pare Abstr., 1903, i, 433). The corresponding semicarbazone , C 13 H 1( .ON 4 , 
forms scales, m. p. 242°. 

The action of magnesium phenyl bromide on 3 :3-dimethylmdolenine- 
2-carboxylonitrile yields, not a ketone, bub the immo-compound, 

C 6 H 4 <Cpj^^C’CPhINH, m. p, 103*0°. This imino-derivative is the 

first intermediate compound formed in Blaise’s reaction (Abstr., 
1901, i, 133), which proceeds according to the equations: (1) 
R-CN + MgRjBr = CRRjlNMgBr ; (2) CRR^NMgBr + H 2 0 - 

CRK,:NH + MgBr-OH, and (3) CJRRjiNH + Kfi = R'CORj + NH S . 
The above imino-compound does not readily give phase (3) of the 
reaction, but the imino-group present reads easily with ketone 
reagents ; thus, the compound gives an oxime , C 17 H l6 ON 2 , which forms 
prisms, m. p. 205°, and a p -nitropkenyUtydrazom, m. p. 209°. 

T. H. P. 

Catalytic Hydrogenation of Aromatic and Quinoline 
Bases. Georges Darzens (Gompt. rend., 1909, 149, 1001 — 1004. 
Compare Padoa, Abstr., 1906, i, 765 ; Ipatieff, Abstr., 1908, i, 332). — 
1:2:3: 4*Tetrahydroquinoline is formed when quinoline is hydro- 
genated at 160 — 180° in presence of nickel which has been obtained 
by reduction of its hydroxide at 250 — 255°. The product is Free from 
indole and from more highly hydrogenated quinolines. 6-Methyl- 
tetrahydroquinoline has been obtained in the same way. 

The reduction products of dimethyl- and diethyl-aniline have been 
investigated by Senderens (Abstr., 1904, i, 660), but have been 
obtained by the present author in a state of greater purity, cyclo- 
Hexyldimethylamino has b. p. 159°, and forms a picrate , m. p. 
176—177°; the corresponding diethyl derivative has b. p.* 191°, and 
forms a picrate, m. p. 91 — 92°. 

Attention is drawn to the influence of the temperature at which 
the nickel is prepared on its behaviour as a catalyst. W. O, W. 
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5z-Sulphoquinolinecarboxylic Acids. Albert Edikcer and 
L. BOiiler (fieri, 1909, 42, 4313 — 4320). — In connexion with thei r 
work on j^quinoliDe mercaptans (Abstr., 1908, i, 363) the authors 
have prepared the following substances. 

5- tiulphoquinolineS-carboxyUc acid, C0 2 H*C 9 KH 5 *S0 3 H, is obtain^ 
by oxidising 8-methylquinoline-5-sul phonic acid (Herzfeld, Abstr 
1884, 1198) by chromic and sulphuric acids, and is separated from the 
unchanged material by crystallisation from dilute sulphuric acid 
D 1*16, at 75°; the copper and the barium salts are mentioned. ' 

6- Methylquinoiine-7-sulphonic acid has been prepared by the Skranp 
reaction, but is obtained in good yield by working under the author's 
conditions. When heated at 260 — 270° with a mixture of equal parts 
of potassium and sodium hydroxides and a little water, it yields 

7-hydroxy'S-methylquinoline, m. p. 244°, b. p. 240°/22 mm., whilst by 
distilling its sodium salt with potassium cyanide, ’l-cyano-b-methyl- 
quinoline, in. p. 133°, is obtained. 7 -Sulphoquinoline-^-carboxylic acid 
is obtained from 6~methy]quinoline-7-sulphomc acid by oxidation 
with chromic and sulphuric acids ; it crystallises in white octahedra, 
and the strontium and bariuxn salts are mentioned. By fusion with 
equal parts of potassium and sodium hydroxides at 275°, a dihydroxy- 
quinoline , darkening at 280° and m. p. 321°, is obtained, which crys- 
tallises in large, yellow needles, and contains its hydroxyl groups 
in positions 6 and 7, assuming that intramolecular change has not 
occurred during the fusion with the alkalis. 

S-SulpkoquinolineS-carboxylic acid and §-sulphoquinoline~8- carboxylic 
acid are obtained from the corresponding toluquinolinesulphonic acids 
by processes of oxidation similar to the preceding. 

The reaction between sodium 6-sulphoquinoline~8-carboxylate and 
phosphorus pentacbloride at 125 — 135° yields the sulphonyl chloride, 
which is reduced by stannous chloride and hydrochloric acid \ the 
resulting tin double salt is decomposed by sodium hydroxide, 
yielding the corresponding mereaptide, which is converted by the 
Schotten- Baumann process into the benzoyl derivative, m. p. 213°, of 
quinoline-G-mercaptan-8-earboxylic acid. C. 8. 


Reduction of o-Nitrophenylpropiolic Acid. Gustav Heller 
and Walter Tischner (Ber., 1909, 43, 4555— 4566).— On reduction 
of o-nitrophenylpropiolic acid, indigotin and o-aminophenylpropiolic 
acid have been obtained. When reduction is carried out with 2 inc 
dust in aminoniacal solution, a ring compound, 
homoanthroxanic acid (annexed formula), is 
formed. This crystallises iD lustrous, Hat 
needles with a faint yellow shimmer; m. p. 108 . 
It is a strong carboxylic acid ; the alcoholic- 
aqueous solution reddens litmus , it dissolves in 
presence of sodium and barium carbonates and 
sodium acetate. The silver salt contains one atom of metal. It is not- 
easily esterified or acetylated, reduces ammoniacal silver andlehhngs 
solutions on boiling, and gives no coloration with ferric chloride. 




ORGANIC CHEMISTRY. 


i. 65 


When heated at 110 120° it is converted into methylanthroxane, 

C e H 4 <^ Me ^O- Sodium nitrite converts it into the oxime of 
N — 0 


anthroxanaldehycte, I \ | , crystallising in colourless 

c 6 h 4 -och:n-oh 

needles, m. p. 172 — 173°, which can also be prepared from anthroxan- 
aldehyde and hydroxyl amine. 

On reduction, homoanthroxanic acid at first forms o-aminobenzoyl- 
acetic acid, which immediately condenses to the anhydride, 4-ketohydro- 
nTJ /N=C*OH , 

carbostynl, > which crystallises in bunches of colour- 


less, hexagonal plates, and is identical with the 4-hydroxycarbostyril 
described by Baeyer and Bloem (Abstr., 1883, 196); the benzoyl 
derivative forms radially-grouped, colourless needles, m. p. 220°. 
Homoanthroxanic acid, 4 when warmed with hydrochloric acid, is 


converted, into 2 : 3-dihydroxy-4-qninolone f 


C « H 4< 


.NH-OOH 

CO-C-OH 


or 


<K=C-OH 

^^CO-CH-OH 


which forms long, colourless needles, m. p. 276° 


(decomp.), and gives a characteristic, stable, violet coloration with 
ferric chloride. The benzoyl derivative crystallises in colourless, 
matted needles, m. p. 216 — -217° (decomp.). On treatment with 
phosphorus pentachloride, two crystalline products are obtained : 
needles, m. p. 85°, volatile in steam, and non-volatile needles, in. p. 
205 — 220°. It is converted into 4-ketohydrocarbostyril on reduction. 

E. F. A. 


Condensation of a-Diketones with Aldehydes and Primary 
Arylamines. Walther Borsche and J. Camper Titsingh {Ber., 
1909, 42, 4283—4287. Compare Abstr., 1909, i, 955).— When 
a-diketones are allowed to react with aldehydes and arylamines under 
conditions similar to those used in the preparation of cinchonic acids 
from pyruvic acid, aldol condensation occurs (in one case 2 molecules of 
the aldehyde reacting with one of the ketone), and the resulting 
product forms an anil with the arylamine. Thus aniline, benz- 
aldehyde, and acetyl benzoyl (Abstr., 1907, i, 326) react in hot alcoholic 
solution , yielding ay-dihydroxy -ay-diphenyl- ft-phenylglyoxylpropane- 
dianil, NPhICPh*C(!NPhVCH(CHPh*OH) s , which crystallises from 
glacial acetic acid in yellow needles, m. p. 176 c (decomp.). When 
heated with acetic anhydride and anhydrous sodium acetate, the 
anil yields an acetyl derivative, C r H 3f) 0. 2 N 2 , probably 

NPh:CPh*C(:NPh)-0(:CHPh)*CHPh*OAc, 
which crystallises in colourless needles, m. p. 273°. 

When salicylaldehyde is substituted for benzaldehyde in the above 
condensation, a resin is formed, but with anisaldehyde, b-phenyl-a-anisyl- 
te-butene-yS-dianil, NPh:CPh‘C(:NPh)*CH:CH-C c H 4 'OCH 3 , is formed, 
crystallising in needles, m. p. 153°. 
vol. xevin. i. 
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ra-Nitrobonzaldehyde yields a similar anil, 

NPh:CPh‘C(:NPh)-CH:CH-C 6 H 4 *N0 2 , 
in the form of yellow needles, m. p. 181°. 

a-Phenyl-$-ani8yl'&?-buteM'y$-dianil, 

OMe-C 6 H 4 -C(:NPh)*C(:NPh)-CH:CHPh, 
obtained from aniline, benzaldehyde, and acefcyl-p-anisoyl, f 0rar 
colourless needles, m. p, 203°. When p-anisidine is substituted io 
anilino, the ip-aniail, 

OMe*C 6 H 4 *C(:N«C 6 H 4 *OMe)*C(:N*C 6 H 4 *OMe)*CH:CHPl, ) 

is obtained as yellow needles, m. p. 158°. 

Dicimiamoyldianil , CHPh!CH*C(!NPh)‘C(lNPh)*CH!CHPh, ob 

tained from diacetyl, benzaldehyde, and aniline in glacial acetic acid 
solution, forms a yellow, crystalline powder, m. p. 270°. 1 

Acetyl benzoyl, benzaldehyde, and ?rt-nitroanilme do not condense 

j. j. s! 

Auxochromic Action of Amino- and Aminophenyl Groups. 
Jean Piccard (Ber. } 1909, 42, 4332—4341). — The intense colour of 
Wnrster’s . salts and of many dyes, particularly of the triphenyl- 
methane series, is attributed by Willstatter and Piccard (Abstr., 1908 
i, 475) to the meriquiuonoid constitution of such substances, This 
view is eontraverted by Kehrmann (Abstr., 1908, i, 699), who main- 
tains, in consequence of the behaviour of the aminobenzoquinone- 
imines (Abstr., 1906, i, 967), that the intense colour is due to the 
influence of a quinonoid benzene nucleus increased by an auxochromic 
amino-group. The author shows that by oxidising 3 : 5-diamino-o- 
cresol dihydrochloride in a freezing mixture by an excess of ferric 
chloride, and adding a saturated solution of potassium nitrate, a light 
red Ao/o- quinonoid amino-o-toluqumoneimirte nitrate , C y H 9 0 4 N s , is 
obtained, which does not show any resemblance to true red dyes in its 
behaviour in light. When the oxidation is performed with a deficiency 
of ferric chloride, a dark red mm-quinonoid compound is obtained. 
Also, in solution, Kehrmann’s red compounds (Joe. cit .) differ essentially 
from red dyes; the latter exhibit pronounced selective absorption, 
whilst the former show no trace of a band. 

Coloured quinonoid substances are classified in two groups: (1) 
Colour is due to a quinonoid nucleus and an auxochromic amino- 
group ; (2) colour is due to the junction of quinonoid and hydro- 
quinonoid nuclei (mm-quinonoid compounds). The preceding light red 
nitrate is typical of group (1), Wurster’s red salt of group (2). 

The difference in the colour of triphenylmethaneimino bases and 
their salts is attributed by Kehrmann to a change in the constitution 
of the chromophore. From the spectroscopic examination of magenta, 
the author considers that the triphenylmethane dyes are mm- 
quino.noid compounds belonging to group (2). Substances which con- 
tain only an auxochromic ami no-group in addition to the quinonoid 
nucleus are not dyes. 

When an aqueous solution of diaminocresol dihydrochloride is 
oxidised by an excess of ferric chloride in the presence of saturated 
sodium chloride, a light red aminotoluquinoneimine hydrochloride 
crystallises at -15°, and a dark red isomeride at the ordinary 
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temperature. The former is regarded a3 the p-quinonoid and the 
latter as the o-quinonoid form respectively : 


0 

O 

"■fV. and 


\/ 

1 j 

1 

y 

NH,KC1 

nh 2 


C. S 

A Reaction of Polybasic Acids and a New Reaction for 
Titanium. Jean Piccard (Bar., 1901), 42, 4311 — 1315).— It is well 
known that the reduction of organic substances by titanous chloride is 
accelerated by the addition of potassium sodium tartrate. The author 
finds that indigotin, Wnrster’s red, and, in particular, aminotolu- 
quinoneimine hydrochloride (preceding abstract) are very slowly affected 
by titanous chloride in aqueous or diluto hydrochloric acid solution, but 
the addition of certain acids, such as tartaric acid, increases the rate 
of reduction enormously. An examination of about fifty inorganic and 
organic acids reveals the fact that, iu general, polybasic acids exert an 
accelerative influence, but not so monobasic acids. The most marked 
effect is produced by hydrofluoric acid (an argument in favour of the 
polymerised state, H 2 F. 2 ), oxalic, glyoollic, lactic, pyruvic, tartaric, 
malic, and citric acids, catechol, and pyrogallol. The remaining halogen 
acids, and formic, acetic, propionic, butyric, benzoic, /3-naphthoie, and 
monochloroacetie acids have no influence. 

Catechol produces with a solution of titanous chlorido a yellowish- 
orange coloration, which is much more intense than that produced by 
oxalic acid. Tho test, which is fifteen times more sensitive than the 
hydrogen peroxide test, should be performed with an excess of 
catechol and in the absence of mineral acids, and preferably also 
of alkali hydroxides and carbonates and ammonium hydroxide. 

The author suggests that Fenton’s brown substance, obtained frpni 
dihydroxy maleic acid and compounds of quadrivalent titanium (Trails., 
1908, 93, 1064), may contain, tervalent titanium. C. 

Diketodialkylpiperazin.es. Karl W. Rosen nun d (Bar., 1909, 
42, 4470 — 4481). — The author has prepared a number of diketo- 
dialkylpiperazines in order to investigate the hypnotic action of the 
alkyl groups, more especially of the ethyl group, iu them. 2 : 3-Diketo- 
6 : 6-diethylpiperazine exhibits no such action, although, like veronal, 
it contains two ethyl groups combined with a quaternary carbon 
atom occurring in a physiologically indifferent ring-system. 

a-Bromo-a-ethylbutyric acid (compare Kalle Co., Abstr., 1907, i, 
276) forms white scales, in. p. 20°, b. p. 130 — 133°/18 mm., and may 
be prepared in almost theoretical yield by the action of bromine on 
a-ethylbutyric acid in a sealed tube at 136 — 140°. Its ethyl ester is 
a colourless liquid, b. p. 87 — 88°/ 18 mm. (impure), with an intense 
camphor-like odour. 

a-Amino-a-ethyibutyric acid (compare Gulewitsch and Wasmu>, 
Abstr,, 1906, i, 409) is best prepared by the action of methyl-alcoholic 
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ammonia on a-bromp-a*ethylbutyric acid, its preparation from diethyl 
ketone by .Zelinsky' ancl Stadnikoff's method (Abstr., 1906,1, 425) 
being difficult and infertile. Its ethyl ester, NH 2 ‘CEt 2 ‘C0 2 Et, is a 
colourless oil, b. p. 76 — 77°/l 5 

a-Chloroacetylamino-a-methylbutyric acid , 

CH 2 Cl*CO , NH*CMeEt*C0 2 H, 

prepared by the action of chloroacetyl chloride and sodium hydroxide 
on a-amino-a-methylbutyric acid, forms colourless needles, m. p. 162°. 

" a-Glyeylaminau-methylbutyric acid, NH 2 CHj CO NH CMeEt*C0 1( ,H, 
prepared by the action of aqueous ammonia on a-chloroaeetylamino- 
a-methylbutyric acid, forms white needles, m. p. 24o (decomp.), 

3 : G-Diketo- 2 methyl- 2 -ethylpiperazine, CMeEt<^ H . C0 >CII 2 , pre . 
pared by the action of ammonia either on a methyl-alcoholic solution 
of ethyl a-glycylamino-a methylbutyrate at 0°, or on ethyl a-chloro- 
acetylamino-a-methylbutyrate at 100°, forms slender, white needles, 

m. p. 250°. 

3 : §-Diketo-2 : 5-dimethyl - 2 : 5 -dielhylpiperazine, 
CMeEt<^ N C Q>CMeKt, 

prepared by heating ethyl a-amino-a-methylbutyrate in a sealed ube 

240 250°, forms slender needles, subliming on heating, and having 

m. p. 336° in a closed capillary tube. 

a-Chloroacetylamino-a-elhylbutyric acid , CH 2 Cl‘CO*b. H'CEt^COJH, 
forms small needles or prisms, m. p. 190°. 

a-Glycylamino-a-ethylbutyric acid f N H 2 * CH 2 ’CON H> CEt 2 ’ C0 2 H, 
forms white crystals, m. p. 269° (decomp.). ^ 

3 : G-J)iketo-2 : 2-diethylpiperazine, CEt 2 <C^jj.Q(j^CH 2 , prepared by 

tlie action of methyl-alcoholic ammonia at 105° on ethyl a-chloro- 
acetylamino-a-ethyl butyrate, forms long, shining needles, m. p. 272°, 
having an extremely bitter taste. 

Ethyl a-glycylamino-a-ethylbutyrate , m. p. 202 — 210 , when heated 
with aleoholic ammonia at 100°, yields only the corresponding free 
acid, m. p. 269°. This result is not in accord with Fischer’s views on 
the ’mechanism of the formation of the anhydrides of amino-acids 
from the esters of lialogea-acylamino-acids by the action of ammonia, 
since, according to these views, the dipeptide esters are formed as 
intermediate products and give the anhydrides by loss of alcohol. It 
seems, on the contrary, that the alkoxy -group is first replaced by an 
amino-group, the amide thus formed losing hydrogen chloride and 
civinff the anhydride : _ 

CH 9 Cl-CO’NH-OEt./C03 -> CH 2 Cl’CO-NK*CEt. 2 *CO^H. 2 -*■ 

“ rFt <r C0 ‘ NH >cii 

That such an intermediate amide can be formed is shown by t e 
action of ammonia on the ethyl ester of bromodiethylacetylglyune 

^ Ethyl bromoetfiylbutyrylaminoacelate, CEt-jBr-CO'NH'CH/COjEt^ 
prepared by the action of bromoetliylbutyryl chloride on e iy 
acetate, 1ms m. p. 35 — 36° 
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Brorm&yrtutyrylglycinamide, CEfc 2 Br*CO\NH*CH 2 *CO*NH 0 , ob- 
tained oy the action of methyl alcoholic ammonia on the preceding 
ester, has m. p. 109—110°. This compound exhibits little inclination 
to ring-closure, and on heating for several hours with methyl-alcoholic 
ammonia at 100 — 105°, it yields (1) two isomeric compounds, m. p. 
122° and 87—88°, which are apparently the two stereoisomeric 
a-ethylcrotonylglycinamides, CHMe:OEt*CO*NH*CH 2 *CO-NH 2 (com- 
pare Mannich and Zernik, Abstr., 1908, i, 399), and (2) small 
quantities of two compounds, m. p. 99—100° and 110° respectively. 
With pyridine in place of ammonia, a similar reaction occurs. 

T. H. P. 

Pyrimidines. XLVIII. Synthesis of 5-Cyanouracil. Tkeat 
B. Johnson (Amer. Chem . J., 1909, 42, 505 — 515). The work des- 
cribed in this paper was undertaken for the purpose of preparing 
certain pyrimidines to be used for the synthesis of new thymine 
derivatives. It has been shown by Wheeler, Johnson, and Johns 
(Abstr., 1907, i, 559) that ethyl ethoxy methylenemalonate condenses 
with i/r-thiocarbamides with formation of esters of 2-alkylthiol-6- 
pyrimidone-5-carboxylic acids, which are readily hydrolysed by hydro- 
chloric acid with production of uracil-o-carboxylrc acid. It therefore 
seemed probable that 5-eyanouracil could be obtained in an analogous 
manner from ethyl cyanoethoxymethyleneacetate. Experiments have 
been carried out which show that ethyl-i/r-thiocarbamide condenses 
with this ester in presence of alkali hydroxide with formation of 
5-cyano-2-ethyithioh6-pyrimidone, together with smaller quantities of 
ethyl 6-amino-2-ethylthiolpyrimuUne-5-carboxylate (Wheeler and 
Johns, Abstr., 1907, i, 1083). On hydrolysing the former product 
with sulphuric acid, a quantitative yield of 5-cyanouracil is obtained, 

On adding ethyl cyanoethoxymethyleneacetate (1 mol.) to an 
alcoholic solution of ethyl-^-thiocarbamide (1 mol.), ethyl *-cyano-f $ - 
ethyl ^-thiocarbamidoacryluie, NH 2 ‘C(SEt)IN*Cn:C(CN)*CO,Et, m. p. 
130° (decomp.), separates in yellow crystals, and, when warmed with 
alkali hydroxide, is converted into 5-c)/cino-^-6lh>/lthiol~Q-v}/n't/iido7ie, 
C(SEtl~K * ^ 1 

KH <CO«C ( ON) >OH ’ m * p* 222 °' crystallises in prisms. If 

ethyl cyanoethoxymethyleneacetate (1 mol.) is added to an alcohoic 
solution of ethyl-i/r-thiocarbamide (17 mols.), a ^yano-fi-ethyl-^-carK 
(Wiidoacrylethylrijf-thiocarbamide, \ 

NH 2 ‘C(SEt):N-CH:C(CN)’CO*N:C(SEt)‘NH 2 , 
m. p. 164 — 165° (decomp.), is produced, which crystallises in prisms; 
this compound is converted by warm sodium hydroxide into 5-eyano- 
2-ethylthiol-G-pyrimidone and by concentrated hydrochloric acid into 
5-cyanouracil. 

b-Gyanouracil (2 : G-dikelo-5- cyanopyrim uli ne), 

^ H< ^C O • C(CN 

m. p. 295° (decomp.), crystallises in prisms, and by the action of 
concentrated hydrochloric acid is converted quantitatively into 
uracil. 

When 5-cyano-2-ethylthiol-6-pyrimidone is dissolved in concentrated 

9 2 
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hydrochloric acid and the solution evaporated to dryness at lOO 3 
5-cyanouracil is produced, together with uracil-§-carboxylamid t ’ 
CO 

NH< ^CO-C(CO-N Hj)^ CH ’ 

which forms small prisms, does not melt below 300°, and is converted 
quantitatively into uracil by concentrated hydrochloric acid. E. G. 


Influence of Constitution on the Conversion 'of Phenyl- 
hydrazones of Unsaturated Compounds into Pyrazolines. 
Karl Auwers and H. Voss (JSer., 1909, 42, 4411 — 4427).— The 
method recently described for converting into pyrazolines the phenyl- 
hydrazones of unsaturated aldehydes and ketones of the type 
R-CHICH-COR' 

(Abstr., 1909, i, 59) is now employed to determine how far the 
readiness to undergo this change is affected by the constitution of the 
groups R and R\ This paper deals with the aromatic unsaturated 
aldehydes and ketones. The phenylhydrazone of phenyl styryl 
ketone changes into 1:3: 5-tripheuylpyrazoline even at low temper- 
atures, and cannot be isolated ; the phenylbydrazones of cinnam- 
aldehyde and styryl methyl ketone, however, only form pyrazolines 
at a high temperature. The phenylhydrazones of the following 
ketones are stable: styryl ethyl ketone, styryl rc-propyl ketone, 
styryl n-butyl ketone, styryl n-nonyl ketone j those of styryl 
isopropyl ketone aud styryf^.-butyl ketone are unstable, especially 
the latter. Hence the structure of the group It', rather than its 


weight, seems of importance. 

The introduction of an hydroxyl or methoxy-group into the ortho- 
position in one of the benzene nuclei favours the formation of pyrazo- 
lines. Prom o-hydroxystyryi ethyl and propyl ketoues only the 
pyrazolines can be obtained, o- Methoxystyryl ethyl ketone and 
pbenylhydrazine also yield a pyrazoline directly. The introduction of 
a nitro-group has the opposite effect: phenyl m- and ^-nitrostyryl 
ketones yield phenylhydrazones which are converted into pyrazolines 
only on boiling with glacial acetic acid. The ^-nitrophenylhydrazone 
of cinnamaldehyde cannot be converted into a pyrazoline even by 
means of this reagent. Furfurylideneacetone behaves like styryl 
methyl ketone. Cinnamylideneacetophenone yields a stable phenyl- 

hydrazone. r 

For distinguishing between phenylbydrazones and pyrazoline*, 
KnorFs reaction is not to be depended on in every case , re uc ion 
with sodium amalgam is a safer criterion ; under this treatmen a 
phenylhydrazones yield aniline. Cinnamaldehyde- pbromophmylhy - 
azotu forms yellow needles, m. p. 139-140° ; when mL 
glacial acetic acid it yields 6-phenyl-l -p-bromophenyiiyi a»o vi > 
crystallises in yellow^ needles, m. p. 140° 1 ^-Oiph^nyKi-m^yl 

pyrazoline (from styryl methyl ketone) has in. p. llo J 

give 109°: Abstr., 1885, 555). Styryl ethyl ketone-plien)lh)di o 
has m. p. 104—105° (Harries and Muller gave 101 : Abstr., 1W-. 

o DijJteuyl-Z : 4 dimelhi/IjnjragoUne, prepared from a methyl stjryl 
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ethyl ketone-phenylbydrazone, has m. p. 82—83°. Styryl iso propyl 
krione has b.‘ p. 147°/ 11 mm. ; the i : S-diphenyl-S-isopropylpyrazo- 
line obtained from it forms white needles, m. p. 885°. Styryl 
n-butyl ketone has b. p. 159 — 167°/I1 mm., and m. p. 38—39°; the 
pkenylhydrazone has m. p. 97'5— 98*5° 1 :5-Diphenyl-3-tm't.-butyl 
pyrazoline (from styryl ter£.-butyl ketone) has m. p. 108 — 108-5°. 
Styryl n -nonyl ketone- phenylhydrazone crystallises in silky, felted 
needles, m. p. 76 — 77°; when heated with glacial acetic acid it giveH 
a pyrazoline in brown crystals, m. p. 60°. o-Hydroxy styryl ethyl 
ketone has m. p. 118 — 119° (Decker and von Fellenberg, Abstr., 
1909, i, 116, give 101°); with phenylhydrazine, it yields directly 
l-phenyl-5-o-hydroxyphenyl-Z-ethyl pyrazoline, which crystallises in 
small needles, m. p. 134°, 'The substance of m. p. 119°, which 
Harries and Busse (Abstr , 1896, i, 301) obtained from o-hydroxy- 
styryl M-propyl ketone, is not, as they assumed, the phenyl- 
hydrazone, but l phenyl-5-o-hydroxyphenyl-3-propylpyrazoline. When 
heated with glacial acetic acid it yields a compound, m. p. 98—99°, 
which does not give the pyrazoline reaction. The supposed phenyl- 
hydrazone, obtained by the same authors (loc. cit.) from phenyl* 
o-hydroxystyryl ketone, is 1 : 3 - d iphenyl- b-o-hydroxyphenylpyrazol in e ; 
it yields a monobenzoyl derivative, m. p. 172°. o -Af ethoxy styryl ethyl 
ketone , a yellow oil, gives l-phenyl-5-o-methoxyphenyl-3-methylpyrazoline, 
which forms yellow needles, m. p. 87 — 88°. p -Kitrostyryl methyl 
Jcelone-phenylhydrazone forms red crystals, m. p. 195 — 196°; when 
heated with glacial acetic acid, it yields l-phenyl-S-p-nilrophenyl- 
3- meihylpyrazoline , which crystallises in small, golden-yellow needles, 
m. p. 112 — 113°. Phenyl-m-nitrostyryl kelo ne-ph enylhydrazone has m. p, 
101 — 103°; boiling glacial acetic acid converts it into 1 : 3-diphenyl- 
5 -m-nitropheny (pyrazoline t which forms brownish yellow needles, m. p. 
122 — 123°. Phenyl p -nitrostyryl ketone- phenylhydrazone crystallises in 
felted, red needles, in. p. 138 — 139°; it yields 1 : 3-diphenyl-^ -ip-nitro- 
phenyl jyyrazoline, which forms brownish-yellow needles, m. ,p. 
113 — 114°. Furfurylideneacetone has b. p. 112 — 115°/10 mm. ; |Lts 
phenylhydrazone forms yellow needles, m. p. 131 — 132°; \-pheizfyl- 
d-furyl-'5-methylpyr azoline crystallises in large, white needles, which 
are volatile in steam, and have m. p. 102 — 103°. Cinnamyliderifl- 
acetophenonephenylhydrazone has m. p. 156 — 158° (Sorgo, Abstjp., 
1902, i, 379, gave 125—126°). K. V. S\ 

Benzoylenebenziminazole. IIans RuPEand K. G. Thiess [and, in 
part, with Aiex. Wetter] (Per., 1909, 42, 4287 — 4304). — o-Benzoylene- 
benziraiuazole (Thiele and Falk, Abstr., 1906, i, 751) can be prepared by 
reducing o-nitropbthalanil with stannous chloride and hyurochloricacid, 
or, better (75% of theory), with iron and acetic acid. It crystallises in 
long, yellow needles with a silky lustre, m. p. 212 — 213°, and is readily 
hydrolysed by acids or alkalis to phenyl benziminazole-o-carboxyhc 
[benziminazole-2-benzoic] acid, m. p. 266° (Thiele and Falk, 273°). 
The hydrochloi'ide of the acid forms loDg, lustrous needles. The methyl 
ester, C 15 H 12 0 2 N 2 , crystallises in glistening, colourless needles, m. p. 
188°. The aurichlorule of the ethyl ester,[C 16 H 15 0 2 N 2 ,AuCl 4 , forms 
slender, orange-yellow needles, m. p. 120°, When the ethyl ester is 
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heated, it yields alcohol and the iminazole. The pkenylkydrazide of 
the acid, C,H 4 <5®>O0 < H 1 -d0 NH NHPh, crystallises i n 
less needles, m. p. 244°. 

Benzoylenebenzimmazole, methiodide (annexed formula), obtained In? 
heating the iminazole with excess of methyl iodide in sealed tube- 
at 90 — 100°, crystallises in slender, bright red 
needles, m. p. about 200°. When carefully 
heated above its m. p., it yields methyl iodide 
and the benziminazole, and when boiled with 
^ water yields benziminazole-2-be’nzoic acid 

y/\ iodide, C c H 4 < C^^j e j^^’Cl*G c H 4 *C0 2 H, which crys* 

"*■ tallises in glistening, yellow cubes, m. p. 200—210°. 

The methiodide of the methyl ester, C^II^OoNJ, is obtained 
by the action of methyl alcohol on the red methiodide at 90 — 100° 
The methiodide of methyl \-methylbenziminazole-'2-benzoate , 

C« H 4<N ( M e ^> c -O e H,-G 0 a Me, 

obtained (a) by heating benzoylonebenziminazole with excess of methyl 
iodide and a little methyl alcohol at 120°, (6) by heatiDg the motlivl 
ester of the acid with methyl iodide (2 mols.) and a little methyl alcohol 
at 100°, or (c) by heating the methiodide of the methyl ester 
with methyl iodide at 100°, crystallises in large, compact prisms, 
m. p. 230°. 

The methiodide of the ethyl ester, C l7 H l7 0 2 N 2 I, forms compact 
prisms, m. p, 191°. The methiodide of ethyl \-inethylbenzirninazoU- 
2-benzoate , C 18 H l& 0 2 N 2 I, crystallises in colourless needles or long 
prisms, m. p. 175°. 

When heated with ammonium hydroxide solution or with sodium 
acetate solution at the ordinary temperature, the methiodide of the 
2-benzoie acid yields the betaine (annexed 
formula), which crystallises in minute needles, 
q./ \ m. p. 280 — 281°. Its constitution as a betaine 
\ / is based on the following properties: it dis- 

’CO solves readily in alkali carbonate solutions, 
and the addition of hydrochloric acid precipi- 
tates the methochloride of benziminazole- . 
2-benzoic acid. When heated with acetic anhydride and hydriodic 
acid, it yields the red methiodide of benzoylenebenziminazole. When 
heated for some time at 280 — 290°, it yields benzoylenebenziminazole, 
methyl alcohol, and unaltered substance. 

The methochloride of benziminazole-2-benzoic acid, C^H-^OjKOl, 
crystallises in colourless needles, m. p. 272 — 271°, and with acetic 
anhydride yields benzoylenebenziminazole methochloride, C 15 H 11 0N 2 C1, 
greenish-yellow needles, m. p. 200°. The metkohromide of the aci . 
C 1; H 13 0 2 N 2 Br, has in. p. about 270°, and the metkobroviide i of the 
benzoylenebenziminazole forms yellow needles, m. p. about 230 . W * en 
the methiodide of methyl l-methylbenziminazole-2-benzoate 
with moist silver oxide, the corresponding ammonium base, C 17 H 18 (V':>i 
is obtained as a white solid, m. p, 252°. 


/v NH \ 


N — CO 


, i- <■> 
\/\»- -- x 
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When benzoylenobenziminazole is covered with nitric acid (D 
1*52) and acetic anhydride is added, drop by drop, at 0°, a nitro- 
derivative, I, C 14 H 7 O g N 8 , which crystallises in pale yellowish -green 
needles, m. p. 239°, is formed, together with nitrobenziminazole- 2- 
benzoic acid , C 14 H 9 0 4 N 3 , ^colourless needles, m. p. 280 — 300° 

(decomp.). 

An isomeride, nitrobenzoylenebenziminazole , II, is formed when 
nitric acid (D 1*25) is added to a solution of the iminazole in acetic 
anhydride ; it crystallises in small, brown needles, m. p. 280° 
(decomp.)j and is accompanied by a nitrobenziminazole*2-benzoic 
acid, which crystallises in orange-coloured needles, m. p. 280 — 300° 
(decomp.). This second nitro-acid is a powerful dye. 

Aminobenzoylenebenziminazole, I, C 14 H fl ON 3 , obtained by reducing 
the nitro-compound, I, with sodium hyposulphite, crystallises in 
brilliant red, fiat needles, m. p. 298 — 305°. Its acetyl derivative, 
C l6 H u 0 2 N 3 , forms yellow needles, decomposing at 253°. The base is 
a dye, and when diazotised and coupled with phenols yields valuable 
azo-dyes. 

o -Nitrophthalanil f K0 2 *C t5 H 4 *N!C !i 0 2 ^C 6 H 4 , obtained by condensing 
o-nitroaniline and phthalic anhydride with sodium acetate, crystal- 
lises in pale yellow needles, m. p. 203°. It is stable towards acids, 
but is readily decomposed by alkalis, and when reduced with a 
concentrated sodium hyposulphite solution yields o-aminophthalanil, 
NH,,*C a H 4 *N!C 20 2 iCgH 4 , which crystallises in brilliant yellow needles, 
m. p. 188 — 189°. The acetyl derivative, C 16 H 13 0 3 27 2) forms colourless 
needles, m. p. 202° ; the hydrochloride , glistening, colourless needles. 
When diazotised and coupled with resorcinol, the base yields an 
azo-dye , C 20 H 13 O 4 N 3 , as golden-brown plates, m. p. 190°, J. J. S. 

Indigotin. II. Indigotin Diarylimides. Eugene Granrmougin 
and Ed. Dessoulavy ( Ber ., 1909, 42, 4401 — 4407. Compare 
Abstr., 1909, i, 968), — Indigotindianilide hydrochloride , prepared Jay 
the interaction of indigotindianilide in acetic acid with alcoholic 
hydrogen chloride, forms dark bluish-green needles. The corresponding 
sulphate is very similar. 

Dehydroindigotindianilide nitrate is prepared by adding four times 
its weight of 50% nitric acid to indigotindianilide, £which immediately 
changes its blue colour to a brilliant red. The nitrate crystallises an 
rosettes of red needles; the alcoholic solution is turned violet In? 
alcoholic potassium hydroxide, but on heating it turns a dirty greev 
and indigotindianilide separates. To obtain the corresponding base) 
the nitrate is suspended in pyridine and oxidised with lead peroxide, 
whereby a brownish-red, crystalline substance is obtained, which yields 
red salts with acids and is partly converted on heating into 
indigotindianilide. The nitrate is a tetranitrate, hut part of the nitric 
acid is lost during drying. 

Dehydromdigotindi-ip-toluidide tetranitrate resembles the anilide, and 
gives the characteristic violet coloration with potassium hydroxide. 
The corresponding tetrahydrochloride forms a red, crystalline 

precipitate. 

7 ; 7VPimei»hylindigotindi-p-toluidide, prepared by beating dimethyl? 
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indigo tin with ^-toluidine and boric acid, crystallises in dark bi Ue 
needles with a copper reflex. Chromic acid oxidises it to o-methyh 
isatin, and nitric acid to the red 7 : 7'-dimethyldehydroindiptindi^. 
toluidide tetranitrate. R* F. A. 

Indigotin. III. 5 : 7 : 5' : 7-Tetrabromoindigotin. E cc ^ e 

Grandmougin (Ber. f 1909, 42, 4108— 4411).— Tetrabromoindigods j s 

best prepared by brominating indigotin with 8 atoms of bromine i 0 
boiling nitrobenzene; it crystallises in lustrous copper crystal*. 
The solubility depends largely on the purity of the product ; it forms 
a blue solution in concentrated ?ul- 
phuric acid. On oxidation in the cold 
with nitric acid, 5 : 7- libromoisatin 
is formed ; distillation with potassium 
13r hydroxide gives rise to 2 : 4-dibromo- 
aniline. The constitution is there- 
fore established (annexed formula). 

On successive bromination of indigotin, 5 : 5-dibromo-, 5 :7 :5'-t,ri- 
bromo- and 5:7:5': 7'tetrabromo-derivat.ives are formed ; oa further 
bromination the halogen probably enters the positions 4 : 4'. 

The leuco-compound of tetrabromoindigotin is readily obtained 
on reduction in alcoholic suspension with sodium hydrogen sulphite. 
This dissolves in alkalis with a yellow coloration, ami dyes cotton 
yarn fast blue shades. h. F, A. 

Preparation of Azines from Nitroso - /5* naphthols and 
o-Phenylenediamine. .Fritz Ullmann and Robert IJeislkr (/?«-., 

1909 42, 42(bi 4268). — a -Kitroso- /3 - naphthol, reacting as the 

tautomeric naphtbaqninoneoxime, condenses with a boiling acetic acid 
solution of o-phenylenediamine in the presence of dilute hydrochloric 
acid, yielding a/i-naphtbaphenazine (Witt, Abstr,, 1887, 591): 

c 1 oao<o° H NnI> c « H ‘+ HC1 “ 

C l ,TT t3 <?>C 0 II 4 + 2H 2 0 + RH,’0H,IIC1, 

which can be isolated by fractional precipitation with water. It is 
crystalline, and has in. V . 142°. A by-product formed during the 
reaction is 2 : 3-d ia min oph ermine (Griess, pr. Chew., 1871, [n], 3, 
142 ; Fischer and Hepp, Abstr., 1889, 499). 

9-Hydroxynaphthaphenazine ( Kehrmann and Brunnel, Abstr., IJUt?, 
i, 579) can be obtained from 7 -hydroxy-/?-naphtliaqmnoneoxime 
(Clausius, Abstr., 1890, 627) and o-phenylenediamine, or even better 
from the zinc salt of the nitrosonaphthol. Its uc.elyl derivative, 
O 1# H n ,O.,X 0 , crystallises in brownish-yellow needles, m. p. -Or . 
methyl ethw, C l7 H 12 OA%, forms glistening, yellowish brown needles, 
m. p. 168°, and yields solutions with a green fluorescence. 

and, C l6 N 2 IVC0 2 H ob^ 

l-nitroso-2 : 3 hydroxynaphthoic acid ( K ostauecki, Abstr., 1894, , ) 

and o-phenylenediamine, forms yellow needles and when he 
form." a/3-naphthaphenazine. The sodium salt, C 17 H, ( U 2 iN >2 J> » 
yellow, glistening necd’es. Xaphthapheuazine - 8 - sulphome > 
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0 H 10 CW obtained from l-mtro?o-2-naphthol-8-sulphonic acid 
(Meldola, Trans., 1880, 39, 41) and o-phenylenediamine, crystallises 
in orange-yellow needles. The barium sUt, B i(C 16 H 9 0 3 N 2 S) 2 , forms 
a, red precipitate. 

l-AcHylumino-naphthaphenazm", C 16 N 2 H 0 *NH Ac, from l nitroso- 
5-aoetylamino-2-naphthol and o-phenylenediamiue without the aid of 
hydrochloric acid, crystallises in pale yellow, felted needles, m. p. 

§[\. 313°, and when hydrolysed with sulphuric acid yields 7 -atmmo- 

naphtkaphenazim , C 1G H U N 3 , as glistening, reddish-brown needles, 
in. p. 270 — 271°. J. J. S. 

Function of the Nitrogen Atoms in Primary Hydrazines. 
Max Buscii ( Ber ., 1909, 42, 4596 — 4602). — A continuation of the 
investigations of the author and his co-workers on the interaction of 
primary hydrazines with carbimidcs and thiocarbimides (compare 
Abstr., 1901, i, 234 ; 1903, i, 537 ; 1904, i, 628). It has been shown 
(loc. cit.) that /38-dialkylthiosemicarbazides are formed by the inter- 
action of hydrazines and thiocarbimides in cold alcohol, whereas aS-di- 
alkyltbiosemicarbazides are produced at higher temperatures or when 
the components are allowed to interact in the absence of a solvent ; it 
would appear therefore that the amine in cold alcohol is present as an 
ammonium base, NHR*NH 3 ’OH, in consequence of which it does not 
form a /?3~dialkylthiosemiearbazi<le, owing to the saturated character 
of the jff-nitrogen atom. This view is supported by the following 
observations : (1) jSS-Dipkenylthiosemiearbazide is formed by the inter- 
action of phenylhydrazine and phenylthiocarbimide in alcohol, even at 
a high temperature, provided an acid, such as acetic or hydrochloric, is 
present. (2) The product of the reaction when the components are 
dissolved in benzene or ether, even at a low temperature, contains 
about 70% of aS-diphenylthioseroicarbnzide. 

Pbenylcarbimide behaves like its sulphur analogue, but exhibits a 
greater tendency to combiue with the /3-nitrogen atom of th#' 
hydrazine. f 

* The course of the reaction in the case of alphylhydrazines is not 
altered by the presence of an acid ; thus, methylhydrazine sulpl ate 
and benzylhydrazine hydrochloride react with phenylthiocarbimide in 
alcoholic-acetic acid solution, yielding /JS-dialkylthios-rnicarbazides, 

Diphenylthiosemicarbazide hydrochloride , 0 ls II 13 N s S,HCl, crystal- 
lises in small aggregates of microscopic leaflets, softens at 160°, m. y>. 
170° (decomp.) W. H. G. 

Addition of Thiocarbimides to Ring substituted Arylhydr- 
azines. Max Busch and Johannes Reinhardt (Ber., 1909, 42, 
4602 — 4610). — Contrary to the statement of Marckwald (Abstr., 1897, 
i, 503), arylhydrazines containing substituents in the ortho-, meta-, or 
para- positions combine with thiocarbimides in alcoholic solution, 
particularly in the presence of acetic acid at a low temperature 
yielding /3S-dialkylthiosernicarbazides, which are fairly stable, passing 
into the aS-dialkyl isomeridos when fused ; in a few cases the 
j38-derivatives have not been isolated owing to experimental difficulties. 

&-Phenyl-fi-m.-tolyUhio8eniic'irbazi>le, C 14 H 15 N 3 S, prepared from 
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m- tolylhy d razine and phenyl thiocarbimide, crystallises in silvery fl at 
needles or leaflets, m. p. 132—133°, and condenses with benzaldehyde 

yielding &r>henyl-h-m4olyla-benzylidenetkiosemicarbazide, 

^ , NHPh*CS-N(C ? H r )«N:CHPh, 

which crystallises in small, yellow nodules, m. p. 104°. The parent 
substance remains unchanged when treated with an alcoholic solution 
of hydrochloric acid, but passes into d-phenyl a-m-tohjlthioaemicarbazid^ 
C h H 15 N 3 S, glistening, white leaflets, m. p. 156—157°, when heated for 
a short time at 135°. 

&-Q-Tolyl-fi-w4olyUhiosemicarbazidfi crystallises in colourless leaflets, 
m . Mp. 120 — 121°; the hydrochloride , C 15 H lt N 3 S,ECl, forms white 
needles, m. p. 162° ; 8- otolyl-a-m-tolylthiosemicarbazide forms granular 
aggregates of microscopic leaflets, m. p. 148°. 

b-p-Tolyip-m-tolyllhiosemicarbazide forms glistening leaflets, m. p. 
130 — 131°; the a~m nitrohenzylidene derivative, C 22 H 2fl 0 2 N,,S, crystal- 
lises in pale yellow needles or prisms, in. p. 198°; S-ptolyl-a-m-tolyl 
thiosemicarbazide forms tufts of needles or rectangular prisms, m. p. 
145 — 146°. 


Methyl thiocarbimide reacts with ??i-tolylhydrazine in the presence 
of glacial acetic acid, yielding a substance , crystallising in glistening, 
yellow prisms, m. p. 119 — 120°; an alcoholic solution of the com- 
ponents at 60° yields small quantities of a substance, crystallising in 
white prisms, m. p. 163°. 

8- Phe nyl-fi~m-chloro pkenylthiosemicarbazide forms small, colourless, 
compact crystals, m. p. 117°; the a -benzylidene derivative, 

c 20 h 16 n 3 cis, 

crystallises in glistening, white leaflets or hexagonal plates, m. p. 146°; 
Sphenyl-a-m-chlorophenylthiosemicarbazide has m. p. 153° (slight 
decomp.) ; Marckwald gives m. p. 138 — 139° (loc. cit.). 

ft-m-Ckloropheiiyl-S-methylthiosemicarbazide crystallises in glistening, 
^hite needles, m. p. 105°; the a-m nitrohenzylidene derivative, 
C 15 H 13 0 2 N 4 C1S, 

C ms pale yellow needles, in. p. 224°; a-m -cJdoropkenyl-fonethyllhio- 
icarbazide has m. p. 177°. 

Phenyl- fi-m-bromophenylthiosemicarbazide forms colourless crystals, 
p. 130°; the benzylidene derivative, C 2( )H 10 N 3 llrS, crystallises in 
^tening, yellow prisms, m. p. 164°; S-phenyl a-m-bromophenylthio- 
^icarbazide has m. p. 159—160°; the compound described by 
^arckwald {loc. cit .), m. p. 113°, is probably a mixture of the 

iS0IB6rid6S. 

a-Bromophenyl-S-methylthiosemicarbazide has m. p. 175° (decomp.) 
(Illgen gives m. p. 127—128°: Piss., Berlin, 1894); a swtoice 
crystallising in tufts of white needles, m. p. 103°, is obtained y 0 
action of methylthioearbimide on wi-bromophenylhydrazme m cold 
alcoholic solution ; it is not ao a-thiosomicarbazide. 

h-Phenyl-^-m-nitropJmiylthiosemicarbazide forms aggregates at Hat, 
pale yellow needles, m. p. 133°; the benzylidene derivative! 

C 20 Hi 6 O. 2 N 4 S, J 

crystallises in pale yellow, matted needles, m. p. 165 16v>°- 

S-Phenyl-p-2-naphtkylthiosemicarbazide , prepared by acting ° 
/3-naphthylhydrazine with piienylthiocarbimide in alcohol contain! » 
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acetic acid, crystallises in leaflets, m. p, 185° the corresponding 
h-methyl compound forms leaflets, m. p. 172° (decomp.); the benzylidene 
derivative of the former substance, G 24 H ig bI 3 S, forms white leaflets, 
m. p. 206 — 207°. 

ft.Pkenyl-fl'O-tolylthiosemicarbazide crystallises in glistening, white 
leaflets, m. p. 124°. 

S-Phenyl-fi-o-anisyllhiose'inicarbazide forms leaflets, m. p. 140 — 141°; 
the m -nitrobenzylidene derivative, G 21 H 18 0 ;s N 4 S, crystallises in small, 
rectangular, yellow plates, m. p. 199 — 200°. W. H. G. 

Isatinanils. I. Isatin-dimethylamino-2-aml. Its Formation, 
Hydrate, and Salts. Rudolf Pummerer and Max Goettler (Tfer., 
1909, 42, 4269 — 4279). — Isatin-2- anils (a-isatinanilides) can be pre- 
pared by the condensation of aromatic nitroso-derivatives with indoxylic 
acid in aqueous alcoholic solution. When nitrosobenzene and indoxylic 
acid are used, isatin-2-anil, m. p. 125 — 126°, is obtained. 

With p-nitrosodimethylaniline and indoxylic acid in neutral or 
faintly acid solution at. 15°, the chief product is a violet, crystalline 
powder, m. p. 105°, which yields i satin with sulphuric acid, 
ltecrystallisation of the violet compound from 80% acetone converts 

it into isatm-y-dimethylamirio-2-anil, C 6 H 4 <^Q^^>C!N*C 6 H 4 *NMe 2 , 

which crystallises in intensely coloured prisms with a green, metallic 
lustre. It contains 1 , 5H 2 0, and has m. p. 182°. When powdered it 
has a green colour, but gives a red streak. When heated at 100° it 
loses its water of hydration and forms dichroic prisms with a metallic 
lustre, and then crystallises in bluish-red prisms, m. p. 182°. When 
the anil or its hydrate is shaken with an excess of an ethereal 
solution of hydrogen chloride, a yellow dikyd'ocldoride^ 
C 16 H i; ,ON- 3 ,2HC), 

m. p, 135 — 136°, is obtained, but when an excess of 
chloride is avoided, a monohydrochloride , C l6 H 15 ON 8 ,IIf 
formed ; it crystallises in brilliant blue prisms with a vio* 
lustre, and readily absorbs water. When heated to ab? /r 4 
isomeric yellow monohydrochloride is formed, and from its >j ^ ’ 

brown aqueous solution isatin is gradually precipitaj*/. t ' 

the blue salt with chloroform or acetone also t r .nsfori£. o . 

yellow isoraeride. / ^ 

The oxalate , C 1( .H 15 0N 3 ,1‘5H 2 C 2 0 4 , cr yf uses in .ieedle ^ 

m. p. 155°. The picrate , 2C 16 H 15 ON 3 ,0 6 H/ crystallised . l bluish- 
black prisms, m, p. 179 — 180°. 

When alkylated with sodium ethoxide and methyl iodide, the anil 
gives a methyl derivative, C 2r H ir ON 3 , which crystallises in lustrous, 
black plates, m. p. 125 — 126°, and yields 1-methylisatin on hydrolysis 
with hydrochloric acid. 

Acids readily decompose /j-dimcthylamino- 2-anil into isatin and 
p-aminodimethylaniline salts, which react in the presence of sodium 
carbonate, yielding isatin-j> dimethylamino:d-anil, C 16 H 15 ON 3 , m. p. 
221 — 222 °. 

Violet-coloured dyes are formed when nitroso-compounds are 
condensed with indoxylic acid in alkaline solution. J. J. S. 
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Preparation of l-^-Dialkylaminopbenyl-2 : 4-dimeth v]o 
hydroxymethyl - 5 - pyrazolones, Fakbwhrke voem MejZ, 
Lucius <fe BrDnikg (D. R.-P. 2 H7 16).— The l^dialkylaminonhen ]’ 
2 ; 4-dimethyl-3-hydroxymethyl-5-pyrazolones are of therarip 
interest as being remarkably powerful antipyretics ; they aP g 16 

duced by alkylating l-p-aminophenyl-2 : 4-dimethyI-3-hydroxymetl 0 

5-pyrazolone with methyl iodide or methyl sulphate, the f orrne ' 
methylation taking place in alcoholic solution. 1-p '-^imethyluminQ. 
phenyl-2 : A-dimethylS-hydroxymethyl-S-pyrazolone is a colourles- 
crystalline substance melting at 212 — 213°. l-V-Aminophenyl-%'l > 
dimethyl-S-hydroxymethyl-S-pyrazolone, colourless prisms, m. p, * g 
produced by reducing l-y-nitrophenyl-2 : A'dimethyl-Z-hydraxymethd 
5-pyrazolene , yellow crystals, m. p, 178 — 179°, the latter being obtained 
by condensing p-nitrophenylhydrazine and methyl acctoucetate to 
1 ;Miitrophcnyl-3 : 4-dimethyl-5-pyrazolone, methylating this compound 
to \-p-nitrophenyl-2 : 3 : A-trimethyl-b-pyrazolone, yellow needles, ru. »> 
132°, brominating to l-\i-nitropkenyl-2 : A-diimlhyUZ-bromonuthyi 
5 -pyrazolone, m, p. 213 — 214°, then treating this substauce with 
alkali acetate in glacial acetic acid, whereby the bromine is re- 
placed by hydroxyl, yielding l-p-nilrophenyl-2 : A'dimethyl-S-hydroxy* 
m£thyl-5-pyrazolone acetate, yellow crystals, m. p. 163 — 164°, which, on 
hydrolysis with dilute sulphuric acid, gives the nitro-alcohol. 

F. M. G. M. 


Preparation of Xanthine and Guanine Derivatives con- 
taining Substituents in Position 8. Farbenfabriken voum. 
Friedrich Bayer <fc Co. (D.R.-P. 213711). — Tlieo diauiiuopyrimidine?, 

yield formyl, acetyl, and propionyl dc« 

rivatives, which, when heated, undergo further condensation to furnish 
xanthine and guanine compounds. This reaction has been generalised, 
with the result that the following acids can he employed for the 
kdensation : oxalic, succinic, cyanoacetic, glycollic, lactic, hydantoic, 
ydroxyisobutyric, hippuric, acctylglycollic, ethoxy- and metkoxy- 
"tic, aiid u/3-dihydroxy propionic acids, 
w -Amino-5-oxalylamino-2 \ 5-dioxy-o-methylpyrimidine , 

S 

t obtained by condensing, at 160—170°, 4 : 5-diamino-2 ifi-dioxy- 
lS 3-raethyl pyrimidine and fused oxalic acid ; it crystallises with 1H 2 0, 
and gives a disodium salt, which, on heating at 150 — 160°, yields the 
sodium salt of Z-methylxanthine-S-carhoxylic acid, 

NH — COC • N hL ,, TT 

CO-NMe-C— N^ C ' C °- H ’ 

the free acid of which crystallises with 1|H 2 0, and at 160° gives rise 
to Z-methylxanthine. 

A- Amino-5 -cyanoacetylamino-2 : ft-dioxy-l : 3 -dimethylpyrimidine, 
^C*NH*CO*CH 2 ‘CX, 

acicular crystals, is obtained by heating, at 120 — 130°, 4 : 5-diamm0' 
2 :6 dioxy-l : 3-dimethylpyrimidine with cyanoacetic acid,- 
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t NMe*CO'C'NH. 

Theophylhne-S-acetia acid , ^ o . NMe .{j_. N >C*CH 2 'C0 3 H f is pro- 
duced by heating the foregoing compound with aqueous sodium 
hydroxide until ammonia is completely evolved; it separates from 
water in aggregates of white needles. 

Ethyl theophylline-8-acetate, prepared by passing hydrogen chloride 
into the foregoing compound suspended in alcohol, forms crystals 
melting at 215°. 

2 : 4-Diami no-5-succinylamino-G -pyrimidone, 

nh 2 -c<^^|>c^h-co-oji ( -co s h, 

prepared from 2:4: 5-triamino-6-pyrimidone and succinic acid, gives 
rise to succinylguaninepropionic acid and the hydrochloride of ethyl 

guaninepropionale , jj N ^>C-C ? H t -CQ 3 Et. 


4-Amino- $-cyanoacetylamw-2 : ^-dioxy-Z-methy l pyrimidine, 

C0< ^ Mo* C(NH^ C ' C0 ‘ CH ->’ CN » 
prepared from 4 : ^ -diamino -2 : b-dioxy-Z-methylpyrimidine and cyano- 
acelic acid, furnishes Z-methylxa nthine -8-acet ic acid on heating with 
excess of aqueous sodium hydroxide. The compound 
m ^NMe-OO’C-NflL 
°°<NMe 

m. p. 240°, is obtained by heating 4:5-.l .u-2 : 6*dioxy-l : 3-di- 

methyl pyrimidine and hydroxy acetic acid, and then warming the first 
condensation product with eoncontrated aqueous barium hydroxide. 

The patent contains examples of several other condensation pro- 
ducts of similar type containing lactyl, succinyl, and aceturvl groups. 


V. 31. G. 31. 


Hydrazocompounda. IV. Reactions of Hydrazobenzene 
with Aliphatic Aldehydes and with Benzoyl Chloride 
Behthold Basso w and Otto Baumann (/. pr. Cham,.. 1909, [ii], 80, 
511 — 518). — Tho investigations of Basso w and Lummerzheim (Abstr. 
1901, i, 777) have been extended to other aldehydes. 

1:2:4: 5-Tetraphenyl-Z : b-dihexylhexakydro-l : 2 : 4 : 5-letrazine 

ph . \ Ph^ > ^' H ’ 0,, Hi a» m. p. 133°, is obtained by adding 


heptaldehyde. to a hot solution of hydrazobenzene in 90% alcohol. 
Equal molecular quantities of hydrazobenzene and propaldehyde react 
with development of heat to form mainly j/ropylidenebishydrazobenzene, 
NHPh*NPh*CHEt*NPh*JS T HPh, m. p. 152°. The minor product of 
the reaction, 3 : ft-diethylhexahydro-1 :2 :4:5 -tetrazine, m, p. 193°, 
becomes the sole product when the aldehyde is added to hot 90% 
alcoholic hydrazobenzene. 

Eemoylhydraxobenzene, NPhBz*NHPh, m. p. 130°, is obtained in. 
80% yield when, an ethereal solution of hydrazobenzene and benzoyl 
chloride (2 mols.) is boiled with magnesium oxide; a second benzoyl 
group caunot be introduced. C. S, 
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Synthetical Experiments on the Preparation of D 6r j v 
atives of Hetero-condensed-heterocyclio “ 1 :3-Tri&zo-7-.(y 
pyrimidine ” [1:3:7: 9-Benztetrazole]. Carl Bulow and Kart 
Haab (Ber., 1909, 42, 4638— 4644).— 5-Amino-l : 3 : 4-triaiole 
(Thiele and Manehot, Abstr., 1899, i, 168) condenses with l:3^i 
ketones in much the same.manner as 1-amino-l :3 :4-triazole (Biilow 
and Weber, Abstr., 1909, i, 614, 615); two molecules of water are 
eliminated, and derivatives of “1 : 3-triazo-7:0'-pyrimidine ” [1:3:7 : £L 
benztetrazole] (annexed formula) are formed 
Nv When the 5-aminotriazole is condensed with 

7 l>CH e 0hyl acetoacetate and its homologues, 6- or 

^ 3 j| 5 ; 6 substituted derivatives of 4-hydrosy. 

~~ x 1:3:7: 9-benztetrazole (heterohydroxyli c 

UH acids) are obtained. The presence of the 

hydroxy lie group imparts strongly acidic 
properties to the compounds, so that they yield neutral sodium 
salts, and can bo titrated readily by means of standard alkali. 

. . , CMe— N • C I N. 

4 : §-Dimethyl-\ : 3 : 7 : 5-benzteirazole, obtained 

by boiling an alcoholic solution of 5-amino-l : 3 : 4-triazole with 
acetylacetoneand a few drops of piperidine for fifteen hours, crystallises 
in colourless needles, m. p. 133°. It is readily volatile, it tonus an 
unstable compound with nitric acid, and with silver nitrate an 
additive compound, C 7 H 3 N 4 ,AgNO s , which crystallises in short, stout 
needles. 

4:5: QTrimethyl-1 : 3 : 7 : 9 -benztetrazole, C 8 H 10 N 4 , obtained in a 
similar manner from methylacetylacetone, crystallises in colourless 
needles, m. p. 135 — 136°. 

Benzoylacetone condenses slowly with 5-amino-l : 3 : 4-triazole in 
glacial acetic acid solution, yielding tarry matter and Q-phenylA- 
methyl -l : 3 : 7 : 9 -benztetrazole, C 12 H 10 N 4 , which crystallises in needles, 
m. p. 134°. 

CMe— N— CIN. r<TT 

A-Ifydroxy-G-methyl-1 : 3 : 7 : 9-benztetrazole y 

obtained by boiling for two hours a glacial acetic acid solution of 
5-amino-l : 3 : 4-triazole with ethyl acetoacetate, crystallises in colour- 
less, glistening needles, in. p. 271° after sintering at 261°. A solution 
of the potassium salt gives amorphous precipitates with solutions of 
silver and copper salts. The mercuric, lead , zinc , barium, calcium , 
and cokdt salts have been obtained in crystalline forms. 

4- Uydroxy-b -methyl-5-ethyl- 1 : 3 : 7 : ^-benztetr azole, OgH 10 ON 4 , ob- 
tained from ethyl ethylacetoacetate and 5 -methyl-1 : 3 : 4-triazole, 
crystallises in felted needles, m. p. 268° after sintering at 250 . 
Crystalline copper, cadmium , manyanese, calcium , and magnesium salts 
have been prepared. 

When a glacial acetic acid solution of ethyl diacetylsuccinate is 
boiled for four hours with the 5-aminotriazole, ethyl l-(2':4 =£>-)- 
triazolyl-'2 : 5-dimethyl pyrrole-'^ : 4 -dicarboxylate, 

CH-N. CMelC-COoEt 

N — ^CMelC’GUKt 
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(compare At^str,, 1906, i, 906), is obtained. It crystallises from 
benzene and has m. p. 113°. J. J. S. 


Hetero-condensed, Heterocyclic Compounds with Two Nuclei: 
Substituted “ Tetrazotopyrimidines” Carl BOlow {Her., 1909, 
42, 4429 — 4438). — (7-Aminotetrazotic acid reacts with 1 : 3-dikebones 
and with the esters of 1 : 3-ketocarboxylic acids similarly to 1 -amino* 
triazole (Abatr., 1909, i, 614, 615), with production of derivatives of 

2 : 3-tetrazoto-7 ; O'-pyrimidine [1 : 2 : 3 :7 : 9-ben zpentazole] (annexed 
formula). Condensation of aminotetrazotic 
j \ ac ^ acetylacetone yields 4 ; &-dimetkyl- 
HC«^ 8 C 2 || 1 : 2 : 3 : 7 : 9 -benzpentazok, which crystallises in 
jjq5 9 N long needles and has m. p. 150°. From methyl- 

\q/ acetylacetone, 4:5: Q-trimethyl-l : 2 : 3 : 7 : 9- 

jj benzpentazole, m. p. 123 — 123 5°, is obtained; 

it also crystallises in needles. b-Pkenyl-Q- 
methyl-l : 2 : 3 : 7 : 9 ‘benzpentazole, prepared from benzoylacetone, 
forms white needles, m. p. 185°. 

{?-Aminotetrazotic acid condenses with ethyl acetoacetate, forming 
i-hydroxy-fi-methyl-1 : 2 : 3 : 7 : § benzpentazole, which crystallises in 
needles, and has m. p, 246 — 247° ; it yields crystalline, mercurous , 
mercuric , lead, barium, iron, and strontium derivatives. 4 -Hydroxy- 
§-phenyl-\\ 2:3 :7 -benzpentazole, prepared from ethyl benzoyl- 
acetate, forms white needles, m. p. 261° (decomp.). Both these com- 
pounds are strongly acidic, and may be titrated sharply with phenol- 
phthalein ; they are therefore to be regarded as heterohydroxy lie 
acids (Abstr., 1909, i, 615), 

By diazotising C-aminotetrazotic acid (Thiele, Abstr., 1892, 1299) 
and treating the product with acetoacetic ester, the azo-compound, 


ethyl lelrazolylazoacetoacetate, 


N-N 

N-NH 


>C-ls T :N‘CHAc‘C0 2 Et, 


is ob- 


tained; it forms yellow needles, m. p. 140 — 141*. The phenyl* 
hydrazone has m. p. 192 — 193° ; on continued boiling with glacial acetic 
acid, it is converted into ^-tetrazolylazo-\-j)henyl-3-meihyl' r o-pyrazolone, 
which has ra. p. 201° (decomp.), and is apparently dimorphous 
(orange-yellow needles and deep red, compact crystals). R, V. S. 


Preparation of a Soluble Double Compound of Theophylline 
and Piperazine, Chemischk Werkf, vorm. Dr. Heinrich Byk 
(D.R.-P. 214376). — Piperazine-theophylline is formed by combining 
molecular proportions of its components ; it has an alkaline reaction, 
and is readily soluble in water, more sparingly so in alcohol. 

F. M. G. M. 


The G-elatinisation of Egg- Album in by Hydrochloric 
Acid. I, Giovanni Moruzzi ( Biochem . Zeitsch., 1909, 22, 232 — 243). 
—The electrical conductivities and depression of freezing points of 
mixtures of egg-white solution and hydrochloric acid of concentrations 
A r =0 to Ax 0*692 were determined, and compared with these 
physical constants for the same strengths in the absence of proteins. 
The degree of gelatin isation was noted in each case in the mixtures of 
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protein with acid. The maximum of A A was noted when the 
normality of the acid reached 0'055, and remained about constant until 
the normality 0‘554 was reached. In higher concentrations the value 
; \ _ • j _ h negative. The gelatinisation occurred between the concen- 

tration 0*1 03 and 0-244^. Experiments were also made to determine 
the changes of the viscosity of the mixtures during the process 0 f 
gelatinisation, when the strength of acid = 0 OlSiV". Jhe electrical 
resistance and depression of freezing point remained constant during 
the time in which the viscosity increased. The change produced 
is apparently therefore neither molecular nor ionic, but probably dug 
to a hydration of the colloid. 8, II. S. 

The Hexone Bases frorp White of Egg. IT. G. Chafmas and 
J. M. Petrie (/. Physiol., 1909, 39, 341—315). — By complete 
hydrolysis of 100 grams of egg-white with 25% sulphuric acid, the 
yield of hexone bases was as follows : arginine, 2 39 j histidine, 0“6t>, 
and lysine, 3' 19 grams. W. D, H. 


The Caseinogen -Peptones containing Phosphorus. M. 
Dietrich (Biochem. Zeitach ., 1909, 22, 120— 130).— The products 
investigated were made by tho peptic digestion of caseinogen, and 
isolated by Bell’s method by means of precipitation by uranium salts, 
They were converted into calcium salts, which were separated into 
two fractions, one of which was insoluble on heating, and the other 
soluble. The former was dissolved in water, acidified with acetic acid, 
the solution neutralised, and from the solution thus obtained, other 
fractions were separated by means of copper, zinc, and lead salts. The 
fractions differed from one another in their readiness to yield 
inorganic phosphorus on hydrolysis. From the fractions of calcium 
salt which did not separate on beating, a peptone was separated by 
precipitation with uranyl acetate. Tho uranium precipitate was 
decomposed by hydroferrocyanic acid. The nitrogen and phosphorus 
were estimated in the various fractions. The casein phosphoric acid 
isolated by means of the zinc salt was obtained in the largest quantity. 
It yielded, on hydrolysis, lysine, proline, and glutamic acid. 8. b. fe. 


Synthesis through 

(Zeitsch. physikul. Chtm . , 
1909, ii, 344).— General 
reactions. 


Ferment Action. Alo.nzo E. Taylou 
1909, 69, 585—597. Compare Abstr., 
remarks on the reversibility of enzyme 

G. 8. 


' Action of Proteolytic Enzymes on Protamines. M. Xikij- 
muka {Zeitsch. physiol. Chtm., 1K09, 63, 201— tl4).^ '* vi vac jd 

enzymes were found capable of acting on protamines in a J . 
medium. Hedin's lieu^ protease, Hahn and Geret's «**«j£* 
and papain. The action of pepsin is slight, and prohably^J ^ 
admixture with /3-proteases, 

Reversibility of Enzyme Actions and the Effect 
External Factors on Enzymes (Invertase, Maltose). 

G Kohl {Med. Ztnlr., l'JOS), 38, 718; fiom Iwhc/t l>ot. Unlr., 
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23, i> 646 — 640). — Yeast extracts which were found to contain the 
largest amounts of invertase were allowed to act, in absence of light, 
on sucrose solutions of known strength at fixed temperatures, after 
excluding>bacterial infection by means of thymol or chloroform. It 
was found that the dextrose and Irevulose increased for some time, 
after which the amounts generally remained stationary or the enzyme 
action was reversed. The time depended on the concentration and 
the temperature. Diffused daylight retards inversion, and 0-05% of 
asparagine quickens the hydrolysis. N. H. J. M. 

Hydrolysis of Salicin by the Enzyme Emulsin. C. S. Hudson 
and H. S. Paine (/. Amer. Ckem. Sac ., 1909, 31, 1242 — 1249). — The 
hydrolysis of salicin by strong acids has been shown by Noyes and 
Hall (Abstr., 1896, ii, 159) to follow the law of unimolecular re- 
actions. It has been stated by Henri, however, that the hydrolysis 
of the glucoside by emulsin does not take place in accordance with 
this law, and that the dextrose produced has [a] D 52°. 

Experiments have now been carried out which have given the 
following results. The dextrose formed by the action of emulsin on 
salicin is /3-dextrose, [a] D 20°, During the hydrolysis, the readings of 
the polarimeter are affected by the mutarotation of the dextrose, and 
this constituted a source of error in Henri’s determinations. 
Measurements of the true rate of hydrolysis of salicin by emul&in at 
0° and 30° have been made by rendering the solution slightly 
alkaline before determining its rotatory power. The results show 
that the rate follows the unimolecular order. Emulsin is only active 
in a nearly neutral solution, the activity being completely destroyed 
by sodium hydroxide of 0'005.Y and by hydrochloric acid of 0'014ilT 
concentration. E. G. 

Influence of Acids on the Loss of Activity of Rennet 
Caused by Shaking. Signe Schmidt-Nielsen and Sigval Schmidt- 
Nielsen { Zeitsch . physikal. Ckem., 1909, 69, 547 — 556). — When a 
glycerol extract of rennet, diluted with water, is vigorously shaken in 
a tube, it rapidly loses its activity. The effect does not depend on 
the dissolving of alkali from glass, as it is also observed in quartz 
tubes. 

In the quantitative experiments, the rennet solution was contained 
in a tube of Jena glass, and agitated by the up-and-down motion of 
an ebonite stirrer. The diminution of activity with the time hf 
shaking does not follow any simple law ; the rate of the diminution 
increases rapidly as the temperature is raised, but becomes less as the 
enzyme concentration is increased. 

Acids, even in great dilution, lessen the rate of diminution of 
activity very considerably. Hydrochloric acid is most efficient in 
this respect ; lactic, oxalic, and tartaric acids are about equally 
efficient, and acetic acid is least effective. The behaviour of sulphuric 
acid is remarkable, inasmuch as above a certain concentration further 
addition of acid has no action. 

Commercial preparations of rennet are not affected by shaking, 
probably because they contain acids and neutral salts. G. S. 
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Chemical Composition and Biological Function 0 f ao 
Oxvdase. Hans Euler and Ivak Bolin (Zeitsch. physical 

1009 69 187 202). — The preparation of an oxydase from Medicago 

satim is’ described. The fresh plants were comminuted the juice 
‘pressed out, treated with alcohol, the precipitate - red.ssolved, agilin 
precipitated by alcohol, and this process repeated several times. 
The product, in the form of a white _ powder, very so table in water, 
was Lain dissolved in water, the solution boiled and filleted to remove 
proteins, the filtrate treated with charcoal, again filtered, p.-ecipitatol 
with three timesits volume of 96 % alcohol, and the resulting powder d ne d 
in a vacuum. The preliminary treatment of the juice with alcohol 
may b'e omitted. The product, which showed all the properties o an 
oxydase, proved on analysis to consist of the neu ral salts (mainly 
calcium salts) of certain polyb.no organic acids among which 
glycollic, mesoxalic, citric, malic, and probably glyoxyhc a ids have 
Sn detected. The acids were partly separated by fractional crystal- 

lisation of their barium salts. „ , . 

'Experiments on the accelerating influence of laccase and of salts 
of organic hydroxy-acids on the oxidation of polyphenols by free 
oxygen in the presence of manganese salts have already been described 
(compare Abstr., 1908, ii, 1021), and these experiments have now 
been extended. The rate of absorption of oxygen increases less 
rapidly than the manganese concentration, and also less lapidly than 
the concentration of the neutral salt of the oxyacid employed. The 
neutral salts of the different acids differ somewhat m catalytic power, 
hut the effect is independent of the nature of the cation. 

Th' nhy o ogr al ration of the oxydases is discussed. They do not 
effect the direct oxidation of sugars or fats Sugar is partly brok n 
f wn under the influence of enzymes, and the simpler compounds thus 
formed then undergo oxidation. 

Preparation of Derivatives of PhonylarseniouB Oxide and 

« B .- , 

/nil. p 212205. Compare Abstr., 1908, i, OJI , awj, l h 
r. r vw .P TT a white, crystalline 

.1 4<— 1 

•SSla Sft Mm-* ” 

' alcoholic solution. -VW-C H„SIe-As0(0H)» 

s&si y »^ssx £t 

which blackens when heated above 'v. ..^Wvdaminotolyl- 
acid, a bright yellow powder, is prepared by rednein - ^ sodium 

5-arsinic acid with sodium hyposulphite in t p ^ y q jp 
acetate. 
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Cuprous Compounds of Ethylene and of Carbon Monoxide. 
Wilhelm Manchot and W. Brandt {Annalen, 1909, 370, 286—296). 
—Manchot and Friend have shown (Abstr., 1908, ii, 375) that the 
combination, of cuprous chloride with carbon monoxide depends on the 
formation of a compound, CuC 1,00,2H 2 0, or analogous substances 
containing ammonia, aniline, toluidine, etc., in place of water. It is 
now found that cuprous chloride and ethylene likewise combine, 
forming a dissociative compound in which one mol. of ethylene is 
united with lCuCl j the combination takes place, however, only in the 
presence of water, aniline, etc. ■ cuprous chloride does not form an 
additive product with dry ethylene, neither do these substances interact 
when dissolved in absolute alcohol. 

All attempts to isolate the additive compound, which is far more 
soluble in water than cuprous chloride, have been unsuccessful, owing 
to the readiness with which it dissociates. Under identical conditions 
the ethylene compound is dissociated, as a general rule, to a far 
greater degree than tho analogous carbon monoxide compound. 

As in the case of the compounds of ferrous salts with nitric oxide 
(compare Manchot and Zeehentmayer, Abstr., 1907, ii, 93), so also 
with the additive products of cuprous chloride with carbon monoxide 
and ethylene : when the concentration of the gas is kept constant 
the degree of dissociation is increased by raising the temperature, 

W\ II. G. 

Specific % Gravity of Solutions of Alcohols: Mixtures of 
Propyl Alcohol with Water. Antony G. Dohoschewsky and 
M. S. Koschdestvensky (J. Russ. Phys. Chem. $oe.> 1909, 41, 
1428 — 1438). — The authors first discuss the literature concerning the 
specific gravity of propyl alcohol and its aqueous solutions. Their 
own experiments on the caiefully purified and dehydrated alcohol give 
the value Bj® 0*80804 and the conductivity 0*089 x 10~ 6 at 15°, those 
numbers not being altered by further distillation of the alcohol over 
calcium. The specific gravities of aqueous solutions containing from 
0 to 1U0% of the alcohol were determined, the results being tabulated ; 
the contractions for the various mixtures have been calculated. 

T. II. P. 

Stereochemical Isomerides of Ay Hexin-j8c-diol. Georges 
T)l*pont {Compt. rend., 1909, 149, 1381— 1383).— Ay -Hexinfa-diol, 
OH'CUMe’CiC'CHMe'OH, has been described by Iotsitch ( Journ . 
Russ. Phys. Chem. Soc 1903, 35, 430). When this compound is 
treated with bromine in chloroform solution, it yields a dibromicle, 
m - p. 214 — 215°, mentioned by Iotsitch. The liquid from which this 
crystallises contains an isomeric dibromide, m. p. 

119— 120°. When treated with zinc dust and alcohol, Hn.-ivflt.ivps 

VOL. XCVlil. i. 
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«ive two isomeric glycols : Iotsitch a compound, yielding crystals, n 
69_70°, b, p. 122°/ 15 mm,, D 1S 1*0205, u \ f 1*4098, and forming a 
diacetyl derivative, m- p. 36°. Tug second glycol is a viscous liquid 
h. p. 1 2 1°/ 1 5 mm., D 13 1*023, n D 1*4733 ; the diacetyl derivative has 
m. p. 23 — 24°; Both glycols regenerate the corresponding dibroniide 
when treated with bromine. 

It follows, therefore, that the glycol prepared by Iotsitch i 8 a 
mixture of these two isomerides. W, 0. \Y. 

Oxidation of Unsaturated Compounds with Organic 
Superoxides. Nikolaus Brtleschaeeff {Bex,, 1909, 42, 
4311 — 4815. Compare Gambarjan, Abstr., 1909, i, 910). — Oxidation 
was carried out with benzoylhydroperoxide (C 6 H 5 *CO*OOH) dissolved 
in a neutral solvent at 0°, to which the calculated quantity of the 
unsaturated compound was added. The temperature is not allowed 
to rise above ordinary room temperature. The following oxides have 
been characterised. A 

Oclylene oxide has b. p. 157 — 158°/740 mm., DJ, 0*8395, Dj* 0*8272, 
<1*4165. On hydration, a glycol, b. p. 135— 136°/20 mm., is 

obtained. „ „ 

Diisobutylene oxide has b. p. 138 — 139°/765 o mm, 11,0 8418, 
jpo 0-8290, <*1*4157. It yields two glycols: viethylhaumyleikylm 
glycol, m! p. 60— 61°, and dimethyUert.-butylethylene glycol , m. p. 

^IZylene oxide has b. p. 116-117°/50 mm., D{ 08465 D]*0*8337, 

< 1*4275. The corresponding glycol has b. p. 151 — K / 14 mm. 
Propylene oxide, b. p. 162— 163°/751 mm., DJ 1*1270, X),,; 1*1130, 

<1*4350. It does not yield glycerol on hydration, but forms a 
kydroxychloroacetate, b. p. 125 12/°/ 17 mm. 

J Geraniol oxide has b. p. 157— 158°/25 mm., 1\,0*9<16, D„ 0*961, 
n 1 * 1*4681. A triol, b. p. 205— 207°/20 mm., is formed on hydration. 

D Geraniol dioxide , formed when 2 mols. of benzoyl hydroperoxide are 
employed, has b. p. 180— 183°/25 mm., D", 1*0587, D^lOlil, 
<1*4653. On hydration, a trioloxide, b. p. 220°/ 15 mm., m. p. 

13 Ziwafoo/ 1& oxide has b. p. 95°/25 mm., DJ 0*9660, D” 0*9507, 
r ft l _ 4*98° <1*4554. It yields a doubly unsaturated aldehyde when 
hydrated, b. p. 120— 122°/25 mm., DU 0*8706, K 08573, 

< 1*5038, of which the semicarbazone has b. p. 138*5°. 

Linalool dioxide has b. p. 131—133-/25 mm., K 1«W 
[ a ] u +5*34°, < 1*4616. It forms a trioloxide, b. p. 210— -12 /-o m m i 

'when hydrated. a . Q 7 A a 

Citral oxide has b. p. 146—1487*20 mm., D 0 1*0091, B lt; ° 9 1, 
<1*4604, and gives a diolaldthyde , b. p. 141—14-/-* ■> 

DM -0584, DB 1 ’0335, when hydrated. 

oXtronellal oxide has b. p. 130-l31°/25 mm., 

<1:4421. On hydration, a diolaldehyde, b. p. 180— 18- /lo 

iS ztlLo^ha S b. p. 113 — 114'/50 mm., V 0-94W, jW 0 9303 ' 
r«l„ -6-76°, r.['; 1-4093, and yields a glycol, m. p. 66-5— bi » • _. 

Lv- «. dioxide has b. p. 146 5—147 /50 mm., D.1M7I, 
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Dg 1-0338, W, +52-23°, <1-4702. It forms an amorphous 
erythritol on oxidation, b. p. above 220°/23 mm. 

Pinent oxide has b. p. 102 — 103°/50 mm., D°0‘9812, D}® 0*9689, 
fair) -92°, <1*4708; it is readily hydrated, forming sobrerol, 

Imp. 150 °- 

Aniline and 1 mol. of benzoylhydroperoxide form azobenzene ; 
•with 2 mols., nitrosobenzene is formed. In each case, a little nitro- 
benzene is formed. o-Toluidine gives o-nitrotoluene. E. F. A. 

Results of Heating the Chlorides of the Higher Fatty- 
Acids. Augustin Bistrzycki and August Landtwing (/far., 1909, 
42, 4720 — 4723). — The chlorides of the higher primary fatty acids do 
not lose carbon, monoxide when heated (compare Abstr., 1908, i, 270), 
but it is now shown that they lose hydrogen chloride. Palmityl 
chloride, when heated at 250 — 275° for four hours in a current of dry 
carbon dioxide, gives an almost theoretical yield of hydrogen chloride. 
From the residue a small amount of a product, tris-teirailecylketen , 
(O l6 H 30 O) s , has been isolated, which crystallises from alcohol in 
plates. It softens at 60°, is completely molten at 72°, and is 
analogous to the compounds obtained by Wedekind and ITaeussermann 
(Abstr., 1908, i, 671) by the action of tertiary amines on acyl 
chlorides. 

Lauryl chloride, under similar conditions, yields a product , 
Ci 2 H 2a O, m. p. 49 — 58°, and nonyl chloride, a solid product. 


a-Ethylpentenoic Acids and Xeronic Anhydride. Fbitz 
Fighter and Hans Obladen (Ber., 1909, 42, 4703—4707. Com- 
pare Fichter and Mueller, Abstr., 1906, i, 622). — y-Methyl-a.- 

ethjlparaconic acid , C0<^ im H’ obtainecl ty reducing 


a-ethylacetylsuccinic ester with sodium amalgam and alcohol, ha3 
b. p. 192 — 196°/12 mm., and crystallises from a mixture of ether and 
light petroleum iu colourless needles, m. p. 111°. When distilled 
slowly under atmospheric pressure, it yields unaltered acid, xeronic 
anhydride (Fittig, Annalen, 1887, 188, 59), and a-ethyl-^-pentenoic 
acid , CHMelCH-CHEt’OOgH. The latter forms a gummy barium 
salt, has b. p. 116°/12 mm., and when boiled with 20% sodium 
hydroxide solution yields a mixture of a ethyl A a -pentenoic acid and 
unaltered A^-acid, the latter of which can be removed as u-ethyl- 
valerolactone by treatment with 62% sulphuric acid (Young, Abstr., 
1883, 455). 

The A«-un saturated acid has b. p. 120°/1 2 mm., and its barium salt, 
(C 7 H u 0 2 ) 2 Ba,H 2 0, crystallises in slender needles. 
y-Methyl-a. ethylitcriconic acidj CHMe!C(C0. 2 H) , CIIEt*C0 2 H, is 

00*0 Ft 

formed when xeronic anhydride, QFt’ * S with 20% 


sodium hydroxide solution for twenty-four hours. The acid forms 
slender crystals, m. p. 136°, and yields an anhydride, C s H 10 O 3 , as an 
oil, b. p. 142— 1 4 4°/ 1 2 mm. 
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Xeronic abhydride and pdoluidine yield xeronu^tolil, u e ^j , 
m. p. 107° The isomeric y-methyl-a-ethylitacon-p-tolil has m « ^ 
and b. p.220 o /l2 mm, j’jV* 


/3-Methylpentenoic Acids, Fritz Fighter and Erwin* o Igmp 
(5er., 1909, 42, 4707 — 4710). — A comparison of the dissociatio* 
constants of /3-mothyl-A a ~pentonoic acid and /S-methyl-A^penie^ 
acid shows that the A^-unsatuvated acid is the stronger acid- th 
values for K are A a -acid, 0*00073, and A^-acid, 0*00255 (cornpax! 
Abstr., 1904, i, 965 ; 1906, i, 622). The A^-acid was prepared by 
reducing a-methylacetylsuccinic ester (Bischoff, Abstr., 1881, 4]*n 
with sodium and aqueous alcohol to /fy-dimothylparaeonic acid, iUl( ] 
distilling the latter slowly under atmospheric pressure. It was not 
found possible to isolato the isomeric A ft -aeid from the mixture of 
acids obtained by boiling the A^-aeid with 10% sodium hydroxide 
solution, as both acids arc converted by 62% sulphuric acid into 
/3-inethylvaleroIaetone (compare following abstract). The A“ acid was 
therefore prepared by the elimination of hydrogen bromide from 
abromo*/?-methy]-j3-etbylpropionic acid. 


Py-Dimethylparaconic acid, 


°°<o-4inie ' 


(o0% yield), lias 


b. p. 196°/9 mm., and crystallises in plates, m. p. 80 y . The ttkyl 
ester has b. p. 134°/10 mm. $-M ethyl- ^-pentenoic acid, 
CHMelCMe-CH^CO.H, 

has b. p. 9 6°/10 mm., or 199° under atmospheric pressure. 

Ethyl a-bromo-ft methyl-n-vdlerate, OH. 2 Me*CH Me'CHBr’CO^Efc, ob- 
tained by brominating ^-methylvalerie acid (Bentley, Trans,, 1895, 
67, 264) by Auwers and Bernhardi’a method (Abstr., 1891, 1189), 
using a Hirsch shaking apparatus, and subsequent treatment of the 
product with ethyl alcohol, has b. p. 0 1°/ 1 2 mm. When heated with 
quinoline, hydrogen bromide is eliminated and ethyl fi-mthyl- A*- 
pentenoate, CH o M6 # CMeICH , C0 2 Kt, b. p. 176°, is formed. The corre- 
sponding acid, C 6 llj 0 O 2 , lias m. p. 46° and b. p. 104712 mm., or 207" 
under atmospheric pressure. Tbo calcium salt, (C ( .H,,O ;i ) ;! Ca,H,0 f 
crystallises in brilliant plates, and the zinc salt, which also contains 
11I 2 0, in needles. 

The formation of the isomeric A^-un saturated acid by the removal 
of hydrogen bromide from the broiuiuated ester was not observed 
(compare Eupc, Ronus, and Lotz, Abstr., 1903, i, 139). J. J. 8. 


Remarkable Transformation of /3-Dialkylated Acrylic Acids 
■when Boiled with Sulphuric Acid. Fritz Fieri rat, Aljjcrt 
Kiefer, and Walter Bernoulli {/Ur., 1909, 42, 4710—4713).— 
Fittig's statement (Abstr., 1894, i, 204) that AMinsatumtcd adds are 
transformed into the isomeric lactones when heated with l>2° 0 sulphuric 
acid, whereas the A*-unsaturated acids are unaffected, is not without 
exceptions (compare Blaise and Luttringer, Abr.tr., 1905. i. 16>). k J: 
shown that /3-methyl- A*- pen tenoic acid (preceding abstract) is 
tively transformed* into /Liuetliylvalerolactnne when heated with 
sulphuric ac-d. Under similar conditions, j8*ethyl-A a -pentenoic aci 
yields /?*ethylvalerolactone. 
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Ethyl isopeniyhmlonate, CHEyCH(C0 2 Ei.).>, obtained from y-iodo- 
pentane and sodioethylmalonate, has b. p. 130°/16 mm. The acid, 
(J-H 1£ Oj, has in. p. 58°, and yields a sodium hydrogen salt, 

b C s H l3 0 4 Na,9H 2 0, 

in the form of colourless plates. (3-Ethyl-n-valeric acid , 
CHEyCH 2 *C0 2 H, 

hash. p. 212°. Ethyl a-bromo-fi-etkyl-n-valerate, CHEt 3 *CHBr , CO,Eb, 
ha»b.p.l65°/25 mm., and with quinoline yields ethyl jiethyl^pmtenoate, 
CEtjICH'CO.jEt, which has b. p. 187—188°. The acid , C s II, s 0. l Br, 
has b. p. 217—218°, and the ioluidide, C u H 19 ON, has in. p. 95° and 
b. p. 210 — 215°/15 mm. j, j. g. 

Decomposition of Crotonic Acid by Keating with Ammonia. 
Fritz Fichter and Hans P. Lamia rdt (Her., 1909, 42, 4714 — 4715. 
Compare Engel, Abstr, , 1888, 1063), — When crotonic acid is heated 
with the compound CaCF,8NH 3 for eight to ten hours at 225— 230°, 
the chief product is 2-methyl-5-ethylpyridiae (Auerbach, Abstr., 1893, 
i, 175). The formation of this compound is to be attributed to the 
decomposition of the crotonic acid into acetaldehyde and acetic acid, 
and the condensation of the former to ahlehydecollidine. 

[With Albert Kiefer.] — D imethylacrylic acid under similar 
conditions yields s-trimothylpyridine. J, J. g. 

Synthesis of /3-Hydroxy-a-?>opropylbutyric Acid. I. Matzure* 
vitsch (J. Russ. Rhys. Client. Hoc., 1909, 41, 1319 — 1324), — The 
action of zinc on a mixture of acetaldehyde and ethyl a-bromo- 
/?-m ethyl butyrate (a-brorooisovalerate) proceeds according to the 
equations : (l)CHMe. 2 *0HBrC0. ) Et + Za-CHiIe 2 -CH(ZnBt)*C0. 2 Et j 
(2) CHAIe 3 *CH(ZnBr)*G0 2 Kt + CH 3 *CH0 = 

ZnBr*0-CIlMe’CH(CHMe 2 )*CO.,Et, 
and the latter + H 2 0 = OH*CHMe-CHPiP-CO s Et + ZnBrOH. 

Ethyl ft - hydroxy - a - iso propy Unity rate, O H -OH Me* CHPi * ■ ■ C0 2 Et, 
best prepared in presence of benzene, is a yellow', mobile liquid with a 
faint, pleasant odour, b. p. 111*5 — 114°/3S- -37 mm., Df 0*97182, 

1 43296 ; it gives the normal molecular weight in boiling ether. 
The corresponding acid was obtained as an almost colourless liquid j 
the sodium, potassium, and barium salts were prepared and analysed. 

T. H. P. 

Ketene. XIV. Ethyl Ethylketencarboxylate. Hermann 
Staudixger and St. Bekeza (Her., 1909, 42, 4908 — 4918. Compare 
this vol., i, 46). — An ethereal solution of ethyl bromoethylmalonate 
chloride reacts with zinc, producing ethyl ethylketencarboxylate, 
CO:CEt*CO,Et, 

which rapidly polymerisos, forming, with 80% yield, 1 : 3-dietkylcyc]o- 
bulan- 2 : i-dione -1 : 3-dicarboxylate, C0 2 Et*CEl<^>CEt-C0 2 Et, 

which distils in a high vacuum at 113 — 116° as a colourless oil. 
With aniline it yields ethyl ethylmalonauilate. When heated in 
an oil-bath at 180 — 200°, it is depolymerised, and the unimolecular 
keten passes over. Ethyl ethylketencarboxylate so prepared is a colour* 
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less liquid, b. p. 48°/15 mm., m. p. 57'86°. It has the characteristic 
properties, not of a ketoketen, but of an aldokeberi. It is probnbl B 
that all ketens form bimolecular polymerides, which are cycZobutane 
derivatives. The bimolecular polymeride of keten itself is probably 
not an acetylketen (compare Chick and Wilsmore, Trans., 1908, 

946), but Ad-cyclobuten-l-ol-S-one, CO<Cl^j|^>C*OH. 

Ethyl ethyhnalonate chloride , obtained from the ester-acid by meins 
of phosphorus pentachloride, has b. p. 75 — 77°/13 mm. It yields an 
anilide, m. p. 55—56°. Ethyl] bromoetkylmtlonale chloride, prepared 
from the above chloride by the action of bromine in hot carbon 
disulphide solution, has b. p. 95 — 102°/14 mm. R. S. 

Action of Ethyl Bromoacetate and Zinc on the Anhydrides 
of Monobasic Acids. Andreas Luntak (2?er.,1909, 42, 4808— 4811). 

] 3 y the interaction of molecular quantities of ethyl bromoacetate 

and acid anhydrides, C-diacyl compounds are obtained. Thus acetic 
anhydride yielded ethyl-a-acetylacetoacetate, isolated as the copper 
salt, m. p. 149°. From propionic anhydride the copjrn' salt of ethyl 
dipropimiylacetate was obtained, crystallising in dark violet crystals, 
which turned greyish -green at 84° (con\), m. p. 98° to a dark green 
liquid Ethyl dipropionylacetate is a colourless liquid of characteristic 
odour! b. p. 120 5 — 121-5°/20 mm., J)f 1 0527- The copper salt of 
ethyl dibutyrylacelale forms a bright violet precipitate of thin prisms; 
it becomes greyish-green at 89° (corr.), m. p. 98. Ethyl dibutyryl- 
acetate is a colourless liquid, b. p. 139— 140°/24 mm., 1 ’0168, and 
shows a dark red coloration with ferric chloride. Ethyl O-butyryl- 
butvrylacetate (8-bulyryloxy^-hexenoale), 

CH 3 Me*OHo-G(0-CO*0 3 II 7 ):CH-C0. 2 Et, 
has a characteristic fruity odour, b. p. 137—137*5712 mm., DfO*, 
and shows no ferric chloride coloration. 

Action of Magnesium tert.-Butyl Chloride on Ethyl Oxalate. 
Mile V I Egorova (J. Ruse. Pkys. Chem ., Soc., 19 09, 41, 1454—1468). 
—In syntheses of alcohols by means of organo-magneaum com- 
pounds. just as in syntheses effected with organo-zinc derivatives, the 
reactions may proceed in two directions, according to the conditions. 
One of these conditions is the temperature, the raising of which 
promotes reduction, and another, which is nob possessed by aromatic 
radicles, the more or less marked reducing properties of the radicle 
combined with the magnesium (compare Bouveault Abstr ^ J 
• Sabatier and Maill.e, Abstr., 1905, i, 706; Letellier, Abstr lOT , 
242). With ethyl oxalate and magnesium tert. -butyl chloride, as - 
to be expected, the reaction follows an abnormal course, owing 
pronounced reducing properties of the Grignard compound In order 
that both the ethoxy-groups of the ethyl oxalate may iea , 1 

of the oxalate must be taken 4 mols. 6f magnesium ^.-butyl cm, 
2 mols. for the introduction of the radicles, and two for f » 
the 2 mols. of magnesium hydrogen chloride necessaiy 

The reaction gives riso to the following products: (1) isobutylene) 
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(2) a-hydroxy-/?£-dimefchylbutyric acid, CMe 3 ’CII(OlI)*C0. 1 H, which 
forms rectangular plates, m. p. 87—88° ; (3) a-ethoxy 0-dimethd- 
lutyric acid, CMe 8 *CII(0Et)-C0 2 H > m. p. 121°, the calcium salt of 
which is more soluble in cold than in hot water ; (4) the ethyl ester 
of another acid, formed only in small quantity; (5) the ketone, 

CMe 3 *CO‘CH 2 *CMe 3 , + which is a colourless liquid, b. p, 152*5 -154*5 0, 

with a camphor-like odour, and is probably formed by the dehydration* 
by the alcoholic potassium hydroxide employed for hydrolysis, of part 
of (6) the glycol , CMe 3 *OH(OH)’CH(OH)*CMe 3 , m. p. 90—92°, 
b. p. 120 — 130°/33 mm„ which has a camphor-like odour; (7) hexa- 
methylethane. 

The formation of these various products is explained by tho 
following scheme : 

( 1 ) C0 3 Et-C0 42 Et + CMe^MgCl = aMe 3 -C(0lSt)(OiMgCl)-C0„Et; ( 2 ) 
CMe s *MgCUCH 2 :CMe 2 + %HCl; (3) CMe 3 -C(OKt)(OMgCl)-CO»Kt 
+ MgHCl gives either CMe 3 ‘CR(0MgCl)*C0 2 Et — >* 

CMe s ’CH(OH)*C0 4 Et — > OMe 3 '0H{OH)*CO 5 H or 
CMe 3 *0H(0Et)*C0 2 Efc -> CMe 3 -CH(0Et)*C0 2 H. When, on the 
other hand, 2 mols. of the organo-magnesium compound take part 
in the reaction, the latter proceeds as follows: (1) C(XEt , GO.Et + 
2ClIe 3 *KgCl = CMo 3 -C(OEt)(OArgCl)*C(OEt)(OMgCl)-CMe,, and (2) 

this + 2JlgHCL — > 0 Me 3 * CH(OMgO 1) • C H( 0 MgCl ) • C Mo., 

CMe 3 -CH(OH)*CH(OH)*CMo s ; (3) CMy CH(OH)-CH(OH)-CMe, - 
H 2 0-CMe 3 'CO-CH 2 'CMe s , and (4) CJ[e,-MgCl + C3Ie,01*= 
CMe 3 -CMe 3 + MgCl 2 . 

T. H. R 

Production of Traces of Formaldehyde in the Oxidation 
of Ethyl Alcohol by Chemical, Physical, or Biological 
Methods. E. Voisenet (Compt. rend., 1910, 150, 40—43).— 
Advantage has been taken of the coloration developed by formalde- 
hyde in a solution of albumin containing nitrous acid, to test for this 
substance in the products of oxidation of pure alcohol (Abstr., 1906, 
ii, 59). Definite proof of the presence of formaldehyde was obtained 
whether the oxidation was effected by tho chromic acid mixture, by 
electrolysis, by contact with finely divided metals, or through the 
agency of micro-organisms. . W, O, W, 

A New Cupric Salt and its Application as a Fungicide 
for Diseases of the Vine and Other Plants. Philippe Malvezin 
Bull. Soc, c him., 1909, [iv], 5, 1096 — 1098). — When cupric hydroxide, 
or copper hydrogen carbonate, is suspended in a 40% aqueous solution 
of formaldehyde, and sulphur dioxide is passed through the mixture, a 
deep blue solution is formed. This contains the substance represented 
by the formula : Cu(S0 3 , CHo*OH) 2 , which it is proposed to call cupric 
diformaldisulphite. The following is suggested as the method of 
formation of this product : CI1,0 — > CH 2 (OH) 2 — > OH*CH 3 -OSO,H 
- ^Cn(SO g *CH 2 *OH) 2 . The advantages in practice of this substance 
as a fungicide over “ Bordeaux mixture ” and other cupric products 
are described. T, A. H. 
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Catalytic Hydrogenation of Unsaturated Organic Com- 

pounds. H. Fournier (Bull. Soc. c him., 1910, [iv], 7, 23 — 27). xb" 

substance to be reduced is placed in a flask containing platinuni-bfo,.^ 
and communicating with a supply of hydrogen. Sometimes it ^ 
advantageous to dissolve the substance in ether. The mixture j s 
continuously agitated, and the action continued until hydrogen is |j 0 
longer absorbed. The catalytic activity of the platinum may 
restored when necessary by heating the metal fora few minutes at 
200 — 220 °. 

Under these conditions crotonaldchyde furnishes n-bulyraldehyde 
and ?i-bufcyl alcohol, tsosafrole and safrole give dihydiwafrole, and 
eugcnol and isoeugenol yield dihydroeugenoi [propylguaiacol] (compare 
Delange, Bull. Soc. chi in. y 1908, [iv], 3, 505, and Parrain, Abstr., 
1907,i,43). T. A. H. ’’ 

Conversion of woButyl Alcohol into a-Methylglyceraldehyde. 
Simon Zeisel and M. Daniek (MonaUh., 1909, 30, 727—728. Com- 
pare Viguier, Abstr., 1909, i, 691). — zsoButyl alcohol was converted 
into isobutaldehyde, and this by means of bromine in presence of 
marble transformed into the methylacetal of a-bromoixobutahkhydt 
Potassium hydroxide at high temperatures converted this into the 
methylacetal of a-methylacraldehyde, from which, by means of potassium 
permanganate, a methylglyceraldebyde methylacetal was obtained and 
converted into the free aldehyde. R F, A. 


Preparation and Description of Condensation Products of 
Sodium Derivatives of the Acyloins (Hydroxyketones) with 
Esters of the Acetic Series. Louis Bouveault and Rene Locquix 
(Bull. Soc. chim.y 1909, [iv], 5, 1136— 1 144).— An extension of a paper 
already published (Abstr., 1907, i, 479), giving details of the methods 
of preparation used, descriptions of compounds prepared by the general 
reaction, and in some cases additional data regarding substances 
described already. It is now proposed to represent the condensation 
products of this reaction by the following typical formula : 

CH,R*CH*CH 2 . r .„ 

chr:c o> ’ 

whilst the esters from them are to be represented by that formerly 
proposed ( loc . cif.) : 

CH 8 K’9H 

CH S R-C=^ 2 

. The reasons for the adoption of these formula? are as follows. The 
condensation products are (1) only feebly acid, (2) form dibi oroides, 
and (3) are readily attacked by oxidising agents, giving 1 mol. each ot 
a fatty acid and a substituted succinic anhydride, (4) the esters formed 
from them are reduced by sodium in alcohol to homologues o cyco 
propanecarbi nol, so that they must contain a trimethylene ring and 
a double linking in the a/3- position with respect to the carboxyl group, 
The condensation products were prepared as already cfccn 
(loc. cit.). They gave small yields of esters when esterine y 
usual methods, and recourse was therefore bad to the u&c 
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diazometliane for this purpose. In this way yields of about S0% of 
the theoretical were obtained. # 

The product cSSli^^ 00 ' b ' P ’ 19 °- 195 °/ 12 ““> • obtained 
from propioin, is liquid at the ordinary temperature, and cannot be 
nht.fl.ined crystalline ( loc . cit.). 

The corresponding substance, C 10 H lft O 2 , b. p. 210-2157-0 mm., 
116°, obtained from butyroin, crystallises from boiling water ; it 
furnishes an amide, m. p. 63—64°, and yields an ethyl ester, C 12 H 2( ,0 3l 
b p. 160°/18 mm. (approx.), and a methyl ester, h. p. 143 — 1 4 S°/ i 0 mm. 
The latter on reduction furnishes dipropylcydapropanecarbinol , b. p. 
g6__98°/8 mm. or 104— 105°/12 mm., which has a mint-like odour, 
and yields an acetate having the same boiling point as itself, and a 
pyruvate , k p. 125°/8 mm. (approx.), of which the semicarbazone has 
* J gy 9S Q 

isoButyroin under the same conditions yields a product, C I0 H lo O 2 , 

u T) 200 2l0°/25 mm., which crystallises in part. 

' Hexonoin yields a substance, C l4 H 24 0 2 , b. p. 250—260720 mm. and 

p 100 111 0 (loc. cit.), which on keeping decomposes spontaneously, 

Yielding valeric acid and a second acid, possibly amylsuccinicacid. The 
methyl ester from this condensation product has b. p. 205 °j\$ mm, 

4, * •* \ T. A. H. 

(loc. cit.). 

Effect of Negative Substituents on the Formation of Semi- 
carbazones. Hans Rupe and Sidonius Kessler ( Ber ., 1909 , 42, 

4720 Compare this vol.. i. 15). — The influence of negative 

groupings (Rupe and Metz, Abstr., 1903, i, 535) on semicarbazone 
formation is shown in the following reactions. 0-Bromoisobutyl 
methyl ketone, CMo 1 BrCH,-COMe t forms a semicarbazone readily, 
mesityl oxide dibromide, CMe f Br-CHBrOOMe f with difficulty, and 
bromomosityl oxide, CMe^CBrCOMe, does not form a somi- 
carbazone. 

Aliphatic oximi no-ketones react with semicarbazide, yielding semi- 
carbarones, and with excess of the carbaride the oximmo -group is 
eliminated and bis-semicarbazones are formed. Oximmo-denvatives of 
the aromatic series react but slowly with semicarbazide, or, id some 

cases, do not react at all. , , . 

Methyl B-bromoi$obutyl ketone, C 6 H n OBr, obtained by the addition 
of hydrogen bromide to mesityl oxide, is a clear, colourless oil, 
h. p. 52—53711 mm., and when kept, even in the absence 01 air, 
forms a dark-coloured syitop. The semicarbazone, 

CMe 2 Br*CH 2 ’CMe:N*NH*CO*NH.., 
crystallises in slender, colourless needles, m. p. 113° (decomp.). 

Mesityl oxide dibromide (Olaisen, this Journ., 18<b, 1 , 
obtained by passing a current of carbon dioxide saturated with bromine 
vapour into mesityl oxide cooled with ether and solid cai on ioxn e, 
yields a semicarbazone, C 7 H 13 ON s Bi’ 3 , which crysta lses in pa e 
yellow, glistening needles, ni. p. 290 295°. 

OximinoacetoM - mmicmtm**, OH-H :CH-CMe.N ; HN-CO'N H 

forms small, colourless, pointed needles, m. p. 218 (decomp.), and 
yields an acetyl derivative, C g H 10 O 3 N 4 . 
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Oximino methyl propyl ketone-semicarbazone, 

OH'NICEt’CMetN’NH’CQ’NHg, 
forms a crystalline powder, m. p, 228°, and yields an acetyl derivati 
C 8 H u O s N 4 , m. p, 207°. _ _ ' re > 

PyruvaldehydebiS'Seinicarbazone. , C 5 H 10 O 2 Ng, obtained by the aotio 
of an excess of semicarbazide hydrochloride on oximinoacetoue 
crystallises in slender, lustreless needles, m. p. 254 — -255° (decom D \ 
A cetylpropionylbissemicarbazone, * ' 

NH 2 -CO*NH*N;CMe-CKt:N-NH-CO*NH 2 , 

obtained from oximinomethyl propyl ketone, has m. p. 250°. 

Oximinobenzylideneacetone reacts in the course of soveral weeks 
with an aqueous alcoholic solution of semicarbazide, yielding a small 
amount of a gemicarbazone , 

CHPh:CH‘C(:N‘NH»CO‘NH 2 )*CH:N*OH, 
m. p. 197° (decomp.). 

A bis-semicarbazone could not be obtained. j ( y 


Electrolysis of Dextrose, Glycerol, and Glycol. Waltheh 
Lob [in part with G. Pulvermacher] ( Zeltsch . Elektrochem ., 1910, 16 
1 — 9). — A solution containing from 20 to 60% of dextrose and of 
sulphuric acid was placed in a porous pot containing a spiral of lead 
tubing, which was cooled with water and served as anode. The 
current density was about 0*05 anipero persq. cm., and the temperature 
about 16°. The electrolysis was stopped when a comparatively small 
quantity of the dextrose was oxidised. The changes which occur are 
interpreted thus : dextrose is first hydrolysed to arabinose and 
formaldehyde. Dextrose itself is oxidised to gluconic and saccharic 
acids, arabinose to arabonie and trihydroxyglutaric acids, and form- 
aldehyde to formic acid and carbon monoxide and dioxide. The non- 
volatile acids were not identified with certainty, as they were separated 
in the form of a mixture of their calcium salts. When the lead coil is 
used as cathode instead of anode, the greater part of the dextrose is 
reduced to mannitol, but formaldehyde and a pentose (yielding an 
osazone, m. p. 170 — 172°), were also present in small quantities. 

^-Arabinose, when oxidised in the same way as dextrose, yields 
formaldehyde and a sugar, from which a tetrose has not yet been 
isolated. 

Glycerol yields considerable quantities of formaldehyde and a 
pentose (probably ?‘-arabinose). It is probable that glyceraldehyde is 
the first product of the oxidation j this ii? hydrolysed into glycol- 
aldehyde and formaldehyde, aod the glyeolaldehyde and glycer- 
aldehyde then condense to a pentose. Formic acid is the only volatile 
acid present, and the non-volatile acids are probably tartronic and trj- 
hydroxyglutaric acids, formed by oxidation of glycerol and the pentose 
respectively. The oxidation of ethylene glycol, under the conditions used 
for the other substances, yields formaldehyde, formic acid, and carbon 
dioxide, and minute quantities of a sugar and a non-volatile acidwbic ns 
not glycollic acid. The sugar was not a pentose, and contained neit or 
dihydroxyacetone, glyceraldehyde, nor glyeolaldehyde. It an 
osazone melting at 184—185°, and was probably a hexose. T. 
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The Scission of Sugars. VII. The Reversal of the Sugar 
Synthesis. W alther Lob and Georg Pulvermacher (Biochem. Zeitsch , 
1909, 23', lO-j-26). — The authors have investigated the action of lead 
hydroxide and sodium hydroxide on sugar solutions under varying con- 
ditions. They have isolated formaldehyde, pentose, acetylcarbinol, 
acetylmethylcarbinol, formic acid, polyhydroxy-acids, and possibly 
pentitol. Their main conclusions are : the sugar synthesis is a reversible 
one ; formaldehyde and pentose are phases in sugar scission and su*mr 
synthesis; the scission of dextrose into formaldehyde and pentose 
takes place in solutions, the alkalinity of which corresponds with 
that of the blood ; the reaction also takes place in acid solutions 
when, owing to oxidation or reduction, the original equilibrium has 
been disturbed ; as shown by the electrolysis of ethylene glycol 
and glycerol, a sugar synthesis also takes place in acid solutions, 
from the aldehydes which are then formed by the scission of the 
sugars. S. B. S. 

Kinetic Studies in the Sugar Series. Emil Yotocek and 

H. Nkmecek ( Zeitsch . Zuckerind. Bohm ., 1910, 34, 237 248 • 

Sitzungsber. bohm. Akad. Wissens,, 1908). — The rate of action of 
bromine-water on the aldoses is considerably influenced by their con- 
figuration; galactose, for example, is much more rapidly oxidised 
than dextrose. Lsevulose is not acted on by bromine water of low 
concentration. 

The oxidation of aldoses by bromine water is retarded by hydrochloric, 
hydrobromic, and sulphuric acids. 

Dextrose and galactose are both oxidised at the ordinary tempera- 
ture, being converted quantitatively into gluconic and galactonic acids, 
and it is probable that the other aldehydic sugars behave in a similar 
manner. 

Aldoses can be distinguished from ketoses by means reaction 
with bromine water, N. li. J. M. 

Choraloses. Maurice Harriot (Ann. Chin. i%«., 1909, [viii], 
18, 466 — 502). A resume of information, most of which has been 
published already ; chloralose (Abstr., 1893, i, 247 ; 1894, i, 105) ; 
arabinochloralose and xylochloralose (Abstr., 1895, i, 321); galacto- 
chloralose and laevuloehloralose (Abstr., 1896, i, 519) ; chloralic acids 
(Abstr., 1909, i, 206, 287) (eoraparo also JTeffter, Abstr., 1889, 845, 
and Petit and Polonowsky, Abstr., 1894, i, 394). Mannochloralose , 
m. p. 208°, yields an acetyl derivative, m. p. 163°, crystallising in large, 
colourless needles, and a benzoyl derivative, m. p. 152°. Mannochloralic 
lactone, C g H^O e Cl 3 , is best represented by the formula 
CH-CH{OII)-0-CH-CCl 3 co 
^CH C(OH)'CH<q * 

Tor lsvulochloralose the following formula is proposed : 

CH-C(0fl)(CH 2 -01i)-0 

^CH-C(OH)(CH,/OH)-CH‘CCi; 

Dibenzoylarabinochloralose has b. p. 275°. Arabinobromalose, 
prepared like the chloral compound, has m. p. 210°, and occurs in 
small, indefinite crystals. 
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The cliloralic acids from /J-chloralose and xylochloralose are identical 
and the crystals are monoclinic [a :b : c — 1*500 : 1 : 2 628 ; 
Similarly, the chloralic acids from galactochloralose and arabino 
chloralose are identical (the crystals are rhombic: a:b\c = 1*319:1 : 0-825'i 
Mannochloralic acid is not isomeric with the other acids of this group 
A discussion of isomerism among the ehloraloses and their derivatives 
is given. T. A. H. 

The Contraction Occurring when Sucrose is Dissolved in 
Water. G. Fouquet (Bull. Assoc, chim. Suer. Dm., 1V)00, 27 
545—549. Compare Abstr., 1908, i, 855). —In reply to statements 
that contraction does not take place when sucrose is dissolved in water 
the author points out that the values determined indirectly for the 
contraction depend on tho density of the sugar dissolved, sucrose 
having been found to have the two values D 1*5S81 and D 1 61. The 
contraction occurring when a concentrated sugar solution is diluted 
may be observed by placing about 200 e.c. of the solution in a 500 c.c. 
flask, and adding water at the same temperature up to the mark, 
taking care that the two mix as little as possible. On now mixing the 
water with the sugar solution by rotating the flask, a marked con- 
traction of the total volume will be noticed. The author also shows 
that in dilute solutions the contraction is approximately proportional 
to the concentration. • W. P. S, 

Iron Double Salts of Organic Bases. Max Schot/iz (4rdL 
Pharm., 1909, 247, 534— 541).— The chlorides of almost all of the 
metals except iron have been frequently utilised in preparing double 
chlorides for the characterisation of organic bases. The ferrichlorides 
are very soluble in water, but are precipitated by concentrated hydro- 
chloric acid as well crystallised compounds of constant composition. 
The solution of the organic base in the least possible quantity of dilute 
hydrochloric acid is treated with an excess of ferric chloride, and the 
mixture is treated slowly with i inning hydrochloric acid until it 
becomes turbid ; after a short time, the crystalline ferrichloride 
separates. In the case of many aromatic amines, the method is in- 
applicable, since the hydrochloride of the amine is less soluble than 
the ferrichloridc, and is therefore precipitated first. 

The following new ferrichlorides are mentioned (compare Abstr., 
1908, i, 202) : dielhylumine ferrichloride , NHEt.,,IlFeCl 4 , m. p. 128°, 
greenish-yellow prisms ; triethylamiue ferrichl oride, isiEtg.HFeCly 
hygroscopic, greenish-yellow needles ; UlraethyluiuiiwnhiM ferrichloride, 
^NEt 4 )FeCl 4 , groups of light yellow needles, sintering above 240^ 
Tjieth yl l ri propyl am monium ferriclilowde, (NMePr ;: )heCl 4 , m. p. hO, 
yellow, rhombic crystals ; (ributylanune ferrichloride , 

m. p. 171°, yellow needles; amylantine ferrichloride , 

C.H n ■ N H 2 , H Fef” 

yellow needles ; diamylamine ferrichloride . , 
and melts above 1 7 0 % yellow, crystalline 
chloride, K(C 6 H n ) 3 ,HFeCl 4 , yellow needles 
NH(C 7 H 7 ) 2 ,HFeCl 4 , m. p. 145°, yellow 


^H( c r, lI nV nFeC1 f’ siDterS 

powder \ triuinyluoiifie fern.' 

; dibenzylamine ferrichloride, 

prisms ; methylpyridirdvjin 
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feirichloride, C 6 IT ff NMe,FeCl 4 , yellow needles ; piperidine ferriddoride, 
C 5 NH n ,HFeCl 4 , in. p. 163 c , yellow prisms ; benzyhlhylconinium ferri- 
chloride, like the iodide (Abstr., 1904, i, 1044), exists in two forms; 
the a-form has m. p. 92° and forms yellow needles ; the p-form has 
in. p. H6° and crystallises in compact octahedra; dibenzyl coninium 
f err (chloride, CgH 16 N (C 7 H 7 ) 2 FeCl has m, p, 141° \ tetrahydroqui noline 
ferrichloride, C 9 NH n ,IIFeCl i1 m. p. 144°, orange-red, rhombic crystals. 
The additive compound of tropine and benzyl chloride (Abstr., 1905, 
f 79) forms a ferricfiloridc, C 8 H 15 ON,CKH 7 Cl,FeCl 3 , m. p. 109°, oran go- 
yellow needles. Sparteine hydrochloride forms a compound , 
C 15 H 26 N 2 ,2IICl,FeCl l , 

which sinters at 190°, and gradually decomposes. Sparteine nietlio- 
cbloride forms the compound, C 15 H 26 N 2 ,MeCl,HCl,FeCl 3 , yellow needles, 
decomposing above 240°. o-Xylylenedipyridiniim chloride forms a 
compound , CgH^CH^ljCjNH^FeClj);,, m. p. 102°, yellow needles. 
The additive compound of o-xylylene bromide and triethylamiue is 
converted by silver chloride into the chloride, which yields with ferric 
chloride and hydrochloric acid the compound , 

C fi H 4 (CH 2 Cl, N Efc,, FeCI 3)2, 

m. p. 80°, slender, yellow needles. C. S. 

Hexahalogen-irideatee. [Iridichlorides and Iridibromides.] 
Alexander Gutbier and Riess (Ber., 1909, 42, 4770 — 4777). 
— On adding a solution of a substituted ammonium bromide drop 
by drop to a solution of hydrogen iridichloride in dilute 
hydrochloric acid at the ordinary temperature, a precipitate 
of the corresponding substituted ammonium iridichloride is formed. 
If, however, the solution of hydrogen iridichloride is heated to 
boiling while the bromide is added, some hydrobromic acid being 
also present, it changes colour from a reddish-brown, through green, 
to a deep blue. The formation of the latter colour indicates the 
change from the iridichloride into the iridibromide. This change can 
also be brought about by digesting the iridichlorides with dilute 
hydrobromic acid. The crystals which separate on cooling are not 
pure, and must be recrystallised from a dilute solution of hydrobromic 
acid containing free bromine. 

The following compounds are described ; Meihyki inn 10 n ium iridi- 
chloride , (NHjMeJ.JrOlg, brownish-red needles. Ditnethylammonium 
iridichloride, (NH 2 Me 9 ) 2 TrC1 (;i reddish-brown, rhombic crystals. Tn- 
mtthylmnmonium iridichloride , (XHMe g ) 2 IvOI )} , small needles. Ethyl- 
ammonium iridichloride, (h»H 3 Et). 2 lrCl,j, brownish-red plates. 
Dieihy (ammonium iridichloride , (NH J Et.i).,IrCl ( ., brownish-red needles. 
Triethylammonium iridichloride, (N HEt.J.JrOl,;, small needles, which 
were not obtained pure, n - Pt op >/ Ictiumon iuin iridichloride , 
{NH 3 }V) 2 IrCl„ 

brownish-red needles, iso - Eropylammonium iridichloride, 
(NH s IV) 2 IrCl t .. 

brownish-red needles. n-Btitylammoninvi iridichloride, 

(NH 3 C 4 H 3 ) s IiC] 8 , 

leddish-biown plates, is o-Butylimmonium iridichloride, 
(NH 3 C 4 H !1 )jIrCl (i . 
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brownish-red needles. Ethylemdiammonium iridichloride, 

(WM 

brownish-red needles. Propylenediammonium iridichloride , 
(C ? H 12 N s )IrCi 6 , 

reddish-brown crystals. Pyridinium iridichloride , (PyH)Ji-Cl re( j. 
dish-brown needles. a-Picolinium. iridichloride , (C 5 NH 5 Me) 2 I r 0l 
brownish-red needles. iridichloride , (U 9 NH g ) 2 I r Q[ 51 

black, monoclinic prisms, or brownish-red needles. -SerasyZcBJimoniuni 
iridichloride, (C 7 H 7 *NH 8 ) 2 lrC! 0 , dark brownish-red plates. 

Methylammonium iridibromide , (NIIgMe^IrBr,,, dark blue octa- 
hedra. Dimetkylammonium iridibromide, (NH 2 Me 2 ) 2 IrBr fi , d ar ]. 
blue needles. Trimeihylammonium iridibromide , (NHMejjvBr 
dark blue needles. Ethylammonium iridibromide, (NHgEtjjrb/J 
dark blue plates. Diethylammonium iridibromide, 

(NH 2 Et 2 ) 2 IrBr 6 , 

dark blue, monoclinic prisms. Triethylammonium iridibromide, 
(NHEt^IrBr, 

dark blue plates, n -Propylammonium iridibromide, (NH 3 Pr a ) 2 IiB r(;( 
dark blue, six-sided plates, iso Propylammonium iridibromide, 
(NH 3 PrP) 2 IrBr 0 , 

dark blue needles, ^n -Butylammonium iridibromide, 

(N H 3 * C 4 H n ) 2 IrBr 6 , 

dark blue, six-sided plates, iso Butylammonium iridibromide, 
(NH^H^IrBr,, 

dark blue plates. Ethyleuediammonium iridibromide, (O. 3 H 10 NJIrlJr fl , 
deep blue cubical crystals. Propylenediammonium iridibromide, 
(C 3 H 12 N 2 )IrBr fi , 

deep blue prisms. Pyridinium iridibromide, (PyH) 2 IrBr 0 , deep blue 
plates, a -Picolinium iridibromide, (C r| NH 5 Me) 2 IrBr c , dark blue, 

six-sided, mouoclinic plates. Quinolinium iridibromide, 

(CyNUg^IrBr^, 

dark blue needles. Benzylammonium iridibromide , (NH 3 , CLH-) i ,TrI>i , 4 , 
dark blue, six-sided plates. 

The substituted ammonium iridibromides are not so stable as the 
alkali iridibromides, and will not withstand prolonged exposure to 
li<»ht. In general, the bromo-salts of the platinum metals are very 
readily decomposed, both as such, and in solution. f. 8. P. 


Behaviour of Triethylamine towards Oxidising Agents. 
T. Dar Juan (Amer. Ghent. J ,, 1910, 43, 1—6).— The oxidation of 
triethylamine may take place either by the direct union of oxygen to 
form the oxide, KgSuO, and the subsequent oxidation of tins com- 
pound to nitric and acetic acids, or by the conversion of the etfcyl- 
ldene groups into acetaldehyde, and the formation of ammonia, in 
accordance with Nefs view, the latter reaction would take place 


^C s H 5 )^C ! H 4 +Nn(C,H 5 ) 2 ^2C 2 H 4 +NH.-C 2 H s ^3C 2 H,+SH, 

Experiments have shown that when triethylamine is oxidised > 
aqueous solution of potassium permanganate, the carbon resi 
converted quantitatively into acetic acid, neither carbonic u0 * ‘ . 

acid being produced, whilst the nitrogen appears part y as amm 
and partly as nitric acid. 
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In presence of potassium hydroxide, acetic acid is the chief oxida- 
tion product, but oxalic and carbonic acids are also produced. Nitric 
acid^jmd ammonia are both formed, but the latter is produced in 
much larger quantity in this case than in the absence of alkali 
hydroxide, E. G. 

Methylated Guanidines. Martin Scbenck (ArcL Pharm 1909, 
247, 466 — 490). — Numerous attempts to prepare methylated guani- 
dines by the interaction of guanidine and methyl iodide in methyl 
alcohol have given unsatisfactory results ; the reaction does not pro- 
ceed to any extent, and usually gives complicated mixtures. However, 
methylguanidine, NHlClNH.J'NHMe, and s dimebbylguanidine have 
been isolated as the platinichloridcs. 

Methyl sulphate and dry guanidine sulphate do not react at the 
ordinary temperature, or on the water-bath, but at 150 — 160° the 
reaction leads to the formation of s-dimetkylguanidine and a trimethyl- 
guanidine {aurichloride, m. p. 155 — 156°; plaiinickloride , m. p. 
225 — -226°), which is shown to be the symmetrical compound, 
NMeIC(NHMe) 2 , by comparison with a sample obtained by the inter- 
action of s-dimethylthiocarbamide, excess of 10% alcoholic methyl- 
amine, and mercuric oxide on the water-bath. 

The interaction of methyl iodide and the silver derivative of 
guanidine (prepared by Thiele's method, and also by that of Kutscher 
and Otori) in methyl alcohol on the water-bath is again unsatisfactory ; 
methylguanidine and s-dimethylguamdine have been isolated as the 
platinichlorides, but the products are mainly mixtures. The author 
tinds that the silver derivative of guanidine, prepared by the methods 
mentioned, always shows a deficiency of silver. 

The methylguanidines obtained by the oxidation of creatine, or of 
metkylglycocyamidine, by the interaction of methylamine and 
cyanamide, and those isolated from meat extract and urine are all 
one and the same substance, NHIC(NH 2 )‘NHMe {aurichloride, m. p. 
198 — 200°, yellow needles ; ylatinichloride, m. p. 194 — 195°, orange- 
red plates). C. S. 

Some Guanidine Derivatives. Martin Scuenck {Arch. Pharm., 
1909, 247, 490 — 506). — Erlenroeyer showed that cyanamide is an inter- 
mediate product in the formation of guanidine from cyanogen chloride 
and alcoholic ammonia, Cyanamide has hitherto not been detected as 
an intermediate preduct in the reaction between cyanogen iodide and 
alcoholic ammonia, but by allowing a mixture of the two to remain at 
the ordinary temperature for several days, the author has detected 
cyanamide in the reaction product in the foim of its characteristic 
yellow silver derivative. The formation of guanidine, therefore, 
probably occurs thus: (1) NCI + 2NH S — NC*NH 2 + NH 4 I; (2) 
NC*NH 2 + NH 4 I = (NH 2 ) 2 C:NH,HL By a similar process, cyanogen 
iodide and 10% alcoholic methylamine (3 mols.), after being hea-ted 
for several hours in a closed vessel in steam, yield s-dimethylguanidine, 
of which the platinichloride has m. p. 197°, and the aurichloride, 122°. 
Under the preceding conditions there is practically no reaction 
between cyanogen iodide and alcoholic dimethylamine. Ethylenedi- 
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amine (A— 1 mol), however, yields ethyleneguamdme (2-iminotetra* 

hydroglyoxaline),^" of which the platinichlorid t) 

2C H v N,,H 2 PtC] 6 . decomposing at 190°, picrate , m. p. 219°, and 
aurichloride, C s H 7 N 3 ,HAuCl 4 , m. p. 210°, have been prepared. I n a 
similar way, alcoholic propylenediamine (less than 1 mol.) and 
cyanogen iodide yield propyleneguanidine (2-imino- 4 - methyltetra- 

hydroglyoxaline), which 

has m. p. 194 — 195°, and the anr (chloride, m. p. 100°. Under the 
some conditions, cyanogen iodide and trimethylenediamine yield a 
solution from which a crystalline platioichloride, aurichloride, or 
picrate has not been obtained. Cyanogen iodide and alcoholic 
aniline, heated in steam for several hours, yield only p-iodoanilice 
(compare Babe, Her., 1877, 10, 171 /). . , 

A guanidine derivative has not been obtained by the interaction of 
cyanogen iodide and glycine or its ethyl ester. 0. 8. 

Glycinamide. Martin Schenck (Arch. Phttvni., 1909, 247, 

506 515). — Glycinamide is best prepared by keeping a mixture of 

chloroacetamide and ten times the quantity oF 30% ammonium 
hydroxide in a closed vessel for fourteen days ; the excess of ammonia is 
removed by evaporation, by gently warming in a basin, and finally drying 
the hydrochloride in a desiccator. A solution of the free base is obtained 
by means of silver oxide. An alcoholic solution of glycinamide is 
obtained by keeping ethyl glycine and a large excess of 5% alcoholic 
ammonia in a closed vessel for two to three weeks, then filtering, and 
freeing the filtrate from the excess of ammonia by a current of dry puri- 
fied air A guanidine derivative could not be obtained by the inter- 
action of the aqueous or alcoholic solution of glycinamide and cyanogen 
iodide either at the ordinary temperature or by heating (compare 
preceding abstract), owing to the decomposition of the glycinamide into 
ammonia and glycine. 


New Synthesis of Aminohydroxy-acids and of Pipendone 
Derivatives. Emil Fisuiier and Geza Zempl^n [Ber., 1909, 42, 
4878— 4892).— The authors show that many ordinary a-bromo-acide, 
for example, a-bromopropionic, a-bromo isovaleric, a-broruoisohexinc, 
a-bromodihydrociunamic, are converted to the extent of 70—90% into 
the hydroxy-acid by boiling their aqueous solutions with calcium 
• carbonate. The reaction baa also been applied in the tollo'mg 
directions. a-Bromu-S-m-nitiobeuzoylaminovaleric acid (Abstr., 
i 303) when boiled with water and calcium carbonate, yields ol o 
of crystalline calcium 

ir O.N ) 4H.,0 m. p. 80° in its water of crystallisation. 
The free 1 acid 2 is a yellow oil, which is hydrolysed by boiling barium 
hydroxide or 5X-hydrochloric acid (and subsequent treatment with 
silver oxide), yielding ti-amino-a-hyth o.cijvaleric acid, 

N K.,*[CH 2 VCH(OH)-C0 2 H, 

in. p. 188—191° (decomp., corr.), which does not form prolm 1 
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treatment with hydrochloric acid or a copper salt with copper oxide. 

It appears to be a general rule that aqueous- solutions of a- and but 
not those of y-, S-, or c-, amino-acids yield copper salts by boiling witb 
copper oxide. By esterifying 8 -amino-a-hydroxy valeric acid by 
methyl alcohol and hydrogen chloride, and dechlorinating the ester- 
hydrochloride by silver oxide, or better by heating the acid at 1 90°, 

tb^ lactam, 3-hydroxy-2-piptridone, NH<^^^^Q^ 5 >Ctl 2 , m. p. 

1 4 . 1-, 1 4 2° (corr.), is obtained, which forms a platinichJoride , m. p. 160° 

(decomp.). 1 Q a similar manner, by esterification with methyl alcohol 
and hydrogen chloride and subsequent treatment with silver oxide, 
8-amino valeric acid yields 2-piperidone, and i-ornithine yields 3-anrino- 
2 -piperidone, which forms a hydrochloride , C^H^ONgjHCI, sintering at 
‘>20° and melting completely at 250° (decomp.), platinichloride, 
2C s H 10 ON 2 ,H 2 PfcCl 6 ,H 2 O, 

decomposing at 200 — 205°, picrate , m. p. 160 — 162° (corr.), and is 
reconverted into ornithine by prolonged heating with 20 % hydro* 
chloric acid at 100 °. 

The following compounds are obtained from a-bromo-c-benzoylamino- 
hexoic acid (Braun, Abstr., 1909, i, 229) by a similar series of reactions : 
calcium a-hydroxy-e - benzoyla minohexo ate, a white, crystalline powder ; 
ahydroxyt-benzoylaminohexoic acid, m. p. 108° (corr.); c- amino- 
ahydroxyhexoic acid, m. p. 225—230° (decomp., corr.), which does 
not yield a compound analogous to hydroxypiperidone. C. S. 

Catalytic Action of Amino-acids, Peptones, and Proteins 
in Effecting Certain Syntheses, Henry D. Dakin (J. Biol. Chem., 
1909, 7, 49 — 56). — Many condensations, possibly analogous to those 
occurring in living cells, may be brought about by the use of amino- 
acids, peptones, proteoses, or even proteins as catalysts. For example, 
furfuraldehyde when warmed with raalonic acid does not undergo con- 
densation, but if glycine or alanine is added, considerable amounts of 
furfuracrylic acid are formed. Attempts, however, to bring about 
certain other types of condensation (for example, the aldol condensa- 
tion, condensation between aldehydes and ketones, etc.) by the same 
means failed. W* Bf. 

Molybdenum Cyanides. Arthur Rosenheim, Abraham Gar- 
funkel, and F. Kohn ( Zeitech . an.org. Chem., 1909, 65, 166— —1 77). 
Potassium molybdenum cyanide, K 4 Mo(CN ) 8 ,2H 3 0 (ChilesoLti, Abstr., 
1905, i, 177), contains the only known stable complex ion with a 
higher co-ordination number than six, and as there is also some doubt 
ns to the valency of the molybdenum, its investigation has been under- 
taken. 

The titration of reduced molybdenum solutions with permanganate 
is not interfered with by the presence of cyanides if rapidly performed, 
and the quinquevalence of the molybdenum in these salts is confirmed. 
A solution containing oxidised molybdenum (Mo' 1 ), manganous salts, 
and cyanides, however, undergoes a change under the catalytic 
influence of light, the manganese being partly oxidised by the 
molybdenum, and the manganous salt of the complex molybdenum 
VOL. XCVIII, i. 
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cyanide being precipitated. An excesfRof permanganate is therefore 
gradually decolorised if thegolutiqns artmposed to light. The reaction 
with Afttnioniacal silver nitrate’ also proves the molybdenum i G 
Mo(ON) 8 "" to be quinquevalent. This can only he brought into 
harmony with the facts by doubling the molecule, thus making 

1 .* TV T .. /r»KT\ """" 


, - ifigthe 

_ . A [ anion Mo 2 (CN) lc . 

■ - fy? reddish-violet complex salt, 4KCN,MoO ai 10H 2 O, was described 
by Heide and Hofmann (Abstr,, 1896, ii, 605) containing quadrivalent 
molybdenum. The salts of this series become blue on dehydration. 

( , , . I mr IOHIjiI * 

They must contain the complex amon 

with which they are only formed ii- — o -J OUIUHjJSI 

Evaporation with wator converts thoui into blue Halts, containing the 

r 0 2 ~l 


[ Mo (CN) 4 J * * n accor ^nee 

strongly alkaline solution 

ui , • . 


anion 


■ 0* 


! Mo (8n)]" 


7 2H«0 or Mo(HoO) 2 . Alkali cyanides convert the 

[ m] 

blue salts into the yellow series, R g Mo 2 (CN) 16 , oxidation taking 

Pl The manganese salt of the yellow series, Mn 2 Mo(CN) 8l SH 2 0, forms 
bright yellow, glistening leaflets. The silverammine, 


[fg4(NH_3) a ]Mo(CN) 8i 

3)4.12- 


Ur"64v — 3 / 8 J — \ 'p; ... . 

n icUammine, [Ni(NH 3 ) 4 ] s Mo(CN) 8 ,8H 2 0, and pjndmium, 
(C 6 NH fl ) 4 Mo(CN) s> _ 

salts are also described. Jlydromolybdicyamc acid, 
H 4 Mo(CN) 8 ,6H 2 0, 

is prepared by adding hydrochloric acid, D M9, to a concentrated 
solution of the potassium salt, extracting the precipitate with absolute 
alcohol, and precipitating with ether in a freezing mixture. The 
ether oxonium salt is decomposed with water, and precipitated with 
hydrochloric acid. 

The sodium salt of the red series, Na 4 [Mo0 2 (CN) 4 ]14II 2 0, contains 
2 mols. of constitutional water. C. H. D. 

Malonyldihydrazones • and their Decomposition Products. 
Carl BClow and C. Bozeniiaudt (fier., 1909, 42, 4784—4802).- 
Analo^ousto the condensation of malonyldihydrazide with ethyl aceto- 
acetate to ethylmalonylbishydrazoneacetoacetate (Biilow, Ab9tr., 
1908, i, 253), the condensation of a number of substituted esters of 
1 : 3-ketocarboxylic acids has been studied. , 

The ethyl esters of methyl-, ethyl-, isopropyl-, and benzyl- 
ace toacetates readily condense with malonyldihydrazide to form ca^ 

pounds of the type : CH^CO’NH-NICMe^CIiK-COjht),. 

In a similar manner, methyl- and ethyl-malonyldihydrazides react 
with unsubstituted ethyl acetoacetate to form products ; 

CIlH\C0-NH*N:0Me-CH 2 *C0 2 Et) 2 . 

On the other band, it was not found possible to prepare dibydrazon 
of the type : CHK'(CO-NH«N:CMe*CHR-C0 2 Et) 2 , nor could malonyl- 
dibydrazide be coupled with ethyldunethylacetoacetate to iorm. 

7 CH 2 (C0-NII*N:CMe-CK 2 *C0 2 Kt) 2 . # , 

Apparently alkyl derivatives of this class must contain a e< 
symmetrically distributed hydrogen atoms. 
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Ethyl malonyHishydrazoneacetoacc^t^, when foiled with water 
loses a' part of the ethyl acetoacetate, and ^methyl-S-pyrazolone and an 
msolable^ompound^n^dered to be a polymeride of eycfomalonio acid 

hydrazide, are formed. This is difficult to analyse, 


but forms hydrazine and malonie acid on hydrolysis, and may be 
synthesised from malonyldihydrazide by prolonged boiling with acetic 
acid. 

Sodium acetate solution acts similarly to water towards ethyl 
malonylbishydrazoneacetoacetate. Phenylhydrazine decomposes it 
into malonyldihydrazide and 1- -phenyl- 3-methyl-5-pyrazolone, which is 
converted on boiling with ferric chloride into pyrazole-blue Potassium 
hydroxide converts it into malonie acid and 3-methyl -5-pyrazoJone 
Acetic anhydride forms diacetyldimalonvlhydrazide ; dilute sulphuric 
acid decomposes it into malonie acid and hydrazine. Benzaldehyde 
interacts, forming ethyl acetoacetate and bisbonzylidenemalonyl- 
dihydrazine. J 

Kesorcinol and cold concentrated sulphuric acid convert it into 
malonie acid, hydrazine sulphate, and /S- me thy 1 um bell if e rone, 

Ethyl malonylbishydrazoneacetoacetate when kept for four months 
in water at the ordinary temperature decomposes, forming ethyl 
3-me thy 1-5 -py razo lone- 4 -fsopropylcnecar boxy late, malonie acid and 
polymeric ci/cfomalonyl hydrazide. The carboxylic acid when heated 
is converted into the 8-lactone of f)-hyclroxy-3-methylpyrazole-4-w* 
propylenecarboxylic acid (Abstr., 1908, i, 579), which may also be 
obtained on slowly heating ethyl malonylbishydrazoacetoacetate in a 
metallic bath above 125°, 


Polymeric cycl omalonylhijdrazide, C 8 H 4 0*N 2 , is obtained as a 
grey, amorphous powder, m. p. 266—267" It is hydrolysed by 
sodium hydroxide, concentrated sulphuric acid, or sodium acetate to 
hydrazine and malonie acid. 


Ethyl malonylldshydrazonemethylacetoacttate, prepared from malonyl- 
dihydrazide and ethyl methylacetoacetate, separates in crystals 
m. p. 109—110°. J ’ 

Ethyl inalonylhishydra&one-elhylacetoacetate is a colourless, micro- 
crystalline powder, m. p. 106 — 106 '5°. 

Ethyl maloiiylbishydrazoiiehobutylacetoacetale has m. p. 104—105°. 
Ethyl mcdonylbishydrazonebenzylacetoacetate forms colourless needles 
m. p. 129—130°. 7 


Ethyl malonylbishydrazoneoxcdacetale, prepared from malonyldi- 
hydrazide and ethyl oxalacetate, is obtained as a glistening mass of 
large, matted needles, m. p. 127°. 

Ethyl monometkylmalonylbi&kydrazoneacetoacitate separates in colour- 
less aggregates of snow-like crystals, m. p. 92—93°. 

Ethyl morwethyhnalonyllishydrazoneacetoacetate, prepared from mono- 
ethylmalonyldihydrazide and ethyl acetoacetate, crystallises in small 
colourless needles, m. p. 104— 104'5°. 

tfonoeihylmalonyldihydrazule is obtained from ethyl monoethyl- 
malonate and hydrazine hydrate in long, matted needles, m. p. 166°. 


E. F. A. 
i 2 
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3 is of Hexahydrocymene j> - Methyipropyiq^ 
hexanel. Wladimir A. Smirnoff (/. mw. Soc. t 1909, 

41, 1 3f74- — 1 375). — p -Tolyldiviethylcarbinol, O fi H 4 M.e*LMe. 2 , OH, p re . 
pared by the action of magnesium methyl iodide on p-to\y\ methyl 
ketone, is a colourless liquid with a marked odour, b. p 109°/15 mm., 
jjso 0*9769 n» 15162. When reduced by means oE hydrogen in 
presence of nickel at 150°, it yields hexaliydrocymene [jHuothyl. 
propyleyc/ohexane], C l0 H„, b. p. 170-172°/755 mm., 1);“ 0-7974, 
14380, which corresponds closely m properties with the menthane 
obtained by Zelinsky by the reduction of menthone by means of 
hydrogen in presence of nickel. The investigation is being continued. 

New Space Representation of the Benzene Molecule. 
John C. Earl (CAm. News , 1909, 100, 305).-The .representation in 
question consists of an octahedron with three sides removed, the 
remaining sides representing bonds linking the carbon atoms, the 
linking of the various carbon atoms being the same as in Ladcnburg's 
prism formula. The formula represents satisfactorily the general 
behaviour of benzene and its derivatives. From it, theoretically only 
one mono-substitution product, one meta-di- and one para-Ji-substitu- 
tion product, but two ortho-disubstitution products, can be formed, 
and di-, tetra-, and hexa-hydro-derivatives can exist without rupturing 

. G. S. 

the ring. * 

Presence of Ethylene Linkings in Benzene and its Homo- 
loeues. K. W. Charitschkoff </. if «*». Mys. Chew. Soc., 1909, 

41 H52 1154). — The oxidation of mesitylene by means of air in 

presence of powdered sodium hydroxide (compare Abstr., 1809 >U5t, 
4717 yields 117% of a monobasic acid, C 9 H u -CO,H, foimed by the 
oxidation of one of the methyl groups. With m-, and p-xy)en«, 
under similar conditions, only very small proportions of adds are 
obtained. Hence, the degree of oxidisabihty of benzene, d hydro- 
carbons is independent of isomerism in the aromatic nucleus. This 
result, which is partly confirmed by the investigations on cyuienemd 
f cymene, supports the conclusion that ethylene linkings are udwat 
from benzene and its homologues, quite independently ot the 
of the substituent groups. These observations appeal to giveiuiil 
confirmation to the diagonal structural formula ^r benzeno a 1 t 
homologues, which is supported by thennochemrradaU.nlhy 
action of reducing agents, such as hydrogen iodide, the red.K ^ 
accompanied by complete transformation of the six-membeie e 
• one containing five members. The author regards the u P F 
support given to the Kekuld formula by the action of ozoue 
benzene and its homologues as ill-founded, the compouni & ^ ^ 

the result of such action being peroxidic m character. ’ ' ' 

° HO f -CjH 4 *CH(C,H u ) c 

pale yellow needles, m. p. about 113°. 
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PhenyldicjcMe^karUnd, CPh(C 6 H n )/OH, has been obtained by 
the action of ethyl benzoate on magnesium' qirfoheiyl bromide ; it cry* 
talhses in prisms, m. p 77= and also with 4 mols. alcohol in prisms 
“• P' ® 6 • ™ lke tnpheuylcarbmol, it does not combine with fniline’ 

the action of fuming nitric acid on the foregoing carbine! whilst 

Seri«titmTlW the h7dr ° Carb0a yi<Ws VS? 

Carbomum Perchlorates. Kasi, A. Hofmann and Heinz 
Kibmrecther (Per 1909 42, 4S56-4865).-Coloured saltf and 
molecular compounds of tnphenylcarbinol and its derivatives have 
recently received much attention in connexion with the problem of 
colour and constitute, but hitherto salts of triphenylcarbinol and 
oxy-acds have not been obtamed in a crystalline form directly from 
their components The authors find that perchloric arid yiefe 
beautifully crystalline denvat.ves with triphenylcarbinol, phenol- 
phthalein fluorescein and distyryl ketone. The acid is a 71% S olntion 

the ‘ h * t«m[«rature li 

Hydrated iriphmylmelhyl perchlorate, CPb 8 -C10 ) ,H,0, is obtained by 
adding 6 c.c of 71 5% perchloric acid to an ethereal solution of 
2 grams of the carbinol It crystallises in deep yellow octahedra 

water* * r ^‘“T’ iff ^“P 0565 b >' >>“«"? °r by the addition of 
aav Triphmylme thyl perchlorate, CPiyClO,, obtained by the 

addition of 71% perchloric acid to a cold solution of the carbinol in 
acetic anhydride, crystallises in octahedra, which are brownish-yellow 
to browmsh-red by transmitted light and bine by reflected ]i»ht The 
same substance is apparently produced when a mixture of Wchioric 
acid and ethereal tnphenylmethyl chloride is evaporated over sulphuric 
acid when the evaporation is performed in an atmosphere of hydrogen 

ft b,ue ,ustre are *5 ■ 

Phenolphthalein perchlorate, C^Hj^^ClO^HjO, obtained from its 
components, forma dichroic crystals, which are ruby-red by transmitted 
and pale blue by reflected light; it is instantly decomposed bv water 

*V"M*«* C m H 12 0 5 ,2HC10„ obtained in a' similar 
manner, is a yellow powder. 

[With H. Lecher.] — Distyryl faione perchlorate, CUIL.O.HCIO is 
precipitated as a red powder by the addition of 7 1% perchloric acid 
to ethereal distyryl ketone. After being dried in a vacuum over 

decomposed by 'water!* 6 S " b8UnCa 15 * is 

J V. b. 

Cryoscopy of Organic Mixtures and Additive Compounds 
Abel Bug vet (Compt. rend., 1909, 149, 857— 858).— Additive com! 
mpllTf With a - trinifcr °toluene and 2 : 4-dinitrotoluene 

ueltat l09 a nd 60 respectively, and the compound of pbenaathrene 
^trinitrotoluene at 84°. Complete freeziog-point curves of 
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mixtures of these hydro^rbons a^d'®®*compQunds take the for 
a W, showing two eutectics and- A ihAxSw^ aVthe compoi] Iu ] ^ 0 

In th* following Cases, no compound being formed, the freezing h ■ 
curve is a V» showing She eutectic : phenanthrene with 2 : 
toluene and a-nitronaphtbalene ; acenaphthene with yi-nifcrotoln r °' 
naphthalene with ^-nitrotoluene, a-nitronaphthalene. acenuphth 
benzoic acid, salicylic acid, azobenzene, diphenylamine, guaiacol ch! *! 
hydrate, menthol, methyl oxalate, phenanthrene, salo], and thymol 

Z- 

^Hydroxyphenylethylamine. Karl W. Rosenmund (Ber iqaq 
423773 — 4783. Compare Barger, Trans., 1909,95,1123,2193) * 
A Relatively simple synthesis of ^-hydroxyphenylethylamine is effect'd 
by condensing anisaldehyde with nitromethane to /3-uitro-p-methoi 
styrene, which can be directly reduced to p-methoxyphenylethykmLe 
It is preferable first to isolate the oxime of ymetWyphenylacetaldei 
hyde and reduce this to the amine. The methoxyl group is eliminated 
hy boiling with decolorised hydriodic acid. The base is obtained kv 
this method in good yield and in a pure state. * 

fi-Nitro-y-methoxyatyreue, 0Me*C 6 H 4 *CH«CH*N0 2 , crystallises in 
long, yellow needles, m. p. 86—87°, It may be reduced with 
aluminium amalgam, or with zinc dust and acetic acid, to the oxime 
of /unethoxyphenylacetaldehyde, m. p. 120°, which is conveniently 
further reduced with sodium amalgam and alcoholic acetic acid 
pMethoxyphenyhthylamim has a fish-like odour, b. p. 136— <138°/ 
18 mm. It forms a carbonate on exposure to the atmosphere. The 
hydrochloride has m. p. 207°. 

p-Hy dr oxv phenyl ethyl amine was obtained in glistening, colourless 
needles or plates, m. p. 160° ; the hydroiodide forms yellow needles. 

K F, A. 

Molecular Weights of Liquid Diphenylamine, Triphenyl- 
amine, and Aniline Hydrochloride. Marie Przyluska (/. Chin, 
"Pkys.y 1909, 7, 511 — 533. Compare Renard and Guye, Abstr., 1907, 
ii, 334). — The surface-tensions of the three substances have been 
measured by Ramsay and Shield’s method at a number of temperatures 
between their melting and boiling points. Diphenylamine distilled at ^ 
atmospheric pressure gave irregular results, but after fractional., 
distillation at 50 mm. pressure, the surface-tensions indicated a uni- * 
molecular constitution. The somewhat different conclusion arrived at 
by Dutoit and Friderich (Abstr., 1900, ii, 194) may have been due to 
products of decomposition in their material. 

Diphenylamine gives normal b. p. elevations in benzene or acetone, 
whereas Kahlenberg found it to be dissociated in acetonitrile. The 
surfaeedension of diphenylamine indicates that its critical temperature 
would be 560° if it were nob decomposed by heat. 

Triphenylamine is polymerised to an increasing degree as the 
temperature rises from 108° to 335°, in agreement with the known 
tendency of such hydrocarbons to give condensation products on 
heating. Aniline hydrochloride passes directly at its boiling point 
(243°) from a polymerised liquid to a dissociated gaseous form. 
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sssa&gsrstf sg fers" u 

Compare Abstr 1909, 1, 300) Methyl phenyhhiofa’rbam It 

gj* ’,1 " )aiz T Tp 0 e lde 0n P^Hhioearbimide, has m ^ 
92 5-93 5 (Orndorff and Richmond, Abstr., 1900, i, 156, gave 97<b' 

S3ZKS, S. 1 n%" *“ ' 11 * 

NHPh’CS*OC In H J0 ’ 
basm. p. 74—75°, [«]» -63 07°; the 

NHPh'CS-OCH,Ph, 

has m. p. 82 — 82*5°. 2 

Met hyl fi-mphthylthiocwbamate, C 1a H/NH-CS'OMp u 

the action of sodium met, hoxidu on U-naphthylthioea.’b. ? mid6 tbms 
^T" 0 "*** “• P - 104 - ,05 °' »• Propjl ^Z 

Methyl o«pM«icar6ama(c, C 3 H 5 -NH-CS-OJfe, obtained by the action 

SJCiar’ “ 

Bornyl allylthiocarbamate , CoH*»NH*CS*(Vr! w >•, 

crystals! m. p 59-60°, [«]» + 14-25° " W ‘“‘? 

Methyl pbenyldithiocarbamate, NHPh-CS-SMe, prepared by the 
interaction of methyl mercaptan and phenylthiocarbimide in presence 
of sodium hydroxide, has m. p. 95-96° (compare Will, Abstr , 1882, 
723 Losanitsch, Abstr., 1892, 55). The ethyl ester has m. p. 60-61° 

OslTvefi^-’ T^ 9 ’ 2 ’ } 2 °’ gaW 56 °> a " d WUI - Abstr, 1882, 
iOoo, gave 60 ). The propyl ester, * 

, . , NHPh-CS-SPr", 

££ rs y m b v«n7° either in sq ’ ieoa6 soiuWon ° rin ab6 “ cs ° f 

Tlfi^iTo C 10 H ? -NH*CS-SMe, has m. p. 

0 117 * T. H. P. f 

8- Amino- 1 -caphthol. II. Fritz Fighter and Tiieodoii KBhnel 
42, 4746—4752. Compare Abstr., 1906, i, 839W 
Chlorine reacts with an acotone solution of 8-acetyl- 
ammo-l-naphthol in much the same manner as bromine 
[loc. ctf 840), yielding a crystalline precipitate 
or 6:7: v4nckloro-2~mcthylpeHitapkthomzole (annexed 
formula) in the form of greenish-coloured needles, which 
do not melt below 300°. 

&- Acetyl amino - 1 -naphthoxyacetic acid, 

a NHAc-C lo H. I -OOIf,-00 1 ir, 

Jn hj i < ?. ndea f n g 8-acetylamino-l-naphthol with a concentrated 
i,?„ u» solution of chloroacetic acid and potassium hydroxide, forms 
iong, colourless needles, m. p. 245°, The cupric salt, (C u H 12 0 4 N) 2 Cu, 


(Ber., 1909, 
Me 

f 

y 

Cl 


Cl 
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forms slender, pale blue needles. ^ When boiled with alkalis or acid* 
the acid does not yield a ring ‘compound as the isomeric 1 -acetyl! 
amino- 2 -naphthoxyacetic acid does (Spitzer, Abstr., 1901, i, 715 ) 

The nitro-derivative obtained by the action of nitric acid 0n 
8-acetylamino-l -naphthyl acetate is now shown to be the 5-nhj 0 . 
derivative. This has been proved by hydrolysing the product to 
nitro-8-acetylamino-l-naphthol, the methyl ether of which when 
hydrolysed, diazotised, and boiled with alcohol gives the same methyl 
ether as is obtained by the action of methyl sulphate on 5-nitro- 
1-naphthol (Kauder and Brauer, Abstr., 1907, i, 799). 5-Nitr 0 - 
8-acety lamino- 1 -naphthol changes colour at 192°, but has m. p. 240° 

i-Bemcneazo-S-nitro-S-acetylamino-l-naphthol , C 18 H 14 0 4 N 4 , obtained 
by condensing benzenediazonium chloride with an alcoholic alkaline 
solution of the 5 -nitro- 8 -acetylamino-l -naphthol, forms dark red 
crystals with a metallic lustre and m. p. 220°. 

5-NitYo-S aminO‘l-naphthyl methyl ether , C n H 10 O 3 N 2 , forms large, 
reddish-brown crystals, m. p. 193°. 5-Nitro-l-napkthyl methyl ether, 
C n H 9 0 3 N, forms slender, yellow needles, m. p. 96—97°. 

When a- naphthyl acetate is nitrated at 0° with nitric acid (D 1*38), 
a 60% yield of 2 : 4-dinitro-l-naphthol and a 5% yield of 2-nitro- 
1 -naphthyl acetate are obtained. 

8 - Tolyhulph onylamino - 1 -naphthol , OH • C 4 0 H S0 2 * C 7 H 7 , obtained 

by heating 8-amino-l -naphthol sulphate, p-toluenesulphonyl chloride, 
and sodium acetate with acetic acid, forms colourless prisms, m. p. 
189° 

8- Acetyl amino A -naphthyl ethyl ether , OEt*Cj 0 H 6 *NHAc, crystallises 
in broad, glistening plates, m. p. 1*>4, J- J- 


Compounds of Hexamethylenetetramine with Multivalent 
Alcohols. E. G h ISH r e W1TSO h-Tkoch im 0 wsk y (J. Russ . Phys, Chem. 
Soc., 1909, 41, 1324- 1325). — Hexamethylenetetramine reacts with 
multivalent alcohols, forming crystalline, complex compounds, which 
are deposited in almost quantitative yield when aqueous solutions of 
the amine and alcohol are mixed. 

Resorcinol gives the compound , wluch^ forms 

shining, oblique prisms, begins to turn yellow at 125 , and 
decomposes completely at about 200°. , 

Catechol yields the eomjxmnd, C 6 H u N ( ,2C 6 H 4 (OH) 3 , m slender 
needles, decomp, about 16Q L \ , 

Pyrogallol gives the expound, SC.H.A.MWOB), forming 
small needles, decomp, about 145°. 

Tertiary Alcohols of the Tolylallyl Series. E Gbisbkewitscb- 
Trochimoivskv (tT. Puss. Phys. Che m. Soc ., 1909, 41, 

Compare Abstr., 1909, i, 151) — p- TotylethyluUylcnTbiuol, 
C,.H 4 Me'CEt(CH 2 -CH:cH 2 )-OH, 

prepared by the action of magnesium on a mixture o p-.o J ® ■ 
ketone and allyl bromide, is a yellow, vacuus hqui 0 *9664, 
intense, characteristic odour, b. p. 133— 13o /18 mm., 4 d 
n? 1-52093. On oxidation, it gives the corresponding ac 

trihydric alcohol, to be described later. 
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The intermediate organo -magnesium compound , 

, ' C 0 H,Mc-CEt(C s il,,)-O-Mgl!r,OKt.„ 
formed in the above reaction, separates in almost colourless 
prisms. 

p -Tolylpropylallylcarbinol, C 6 H 4 Me-CPr a (C 8 H ft )*OH, prepared by 
the action of magnesium on a mixture of p-tolyl propyl ketone and 
allyl bromide, is a viscous, colourless liquid with an intense, 
characteristic odour, b. p, 138— 139°/13 mm., T>f 0 9531, 
^1-51682. 

g-Tolylhoprojiylallylcarhinol, C & H 4 Me*CPr0(C 3 H 5 )'OH, obtained by 
the action of magnesium on a mixture of p-tolyl isopropyl ketone 
and allyl bromide, is a viscous, colourless liquid of aromatic odour, 
b. p. 140— 143°/21 mm., Of 5 0-9542, < 5 1 -51385. 

Comparison of the physical constants of these alcohols and those 
of j 9 -tolylmethylallylcarbinol ( loc . cit.) shows that passage from any 
one member of the series to the next higher homologue is accom- 
panied by a rise of 5 — 7° in the b. p., a diminution of 0‘017 — 0*013 
in the value of D, an increase in the value of n, and an increase 
of about 5 in the molecular refraction (Lorenz and Lorentz's formula). 
Isomeric alcohols of this series differ but slightly in b. p., and have 
almost identical values for D and for the molecular refraction. 

T, H. P. 

Action of Magnesium on a Mixture of Allyl Bromide and 
Benzophenone': Synthesis of Diphenylallylcarbinol. B. Tarasoff 
(J. Russ. Rhys. Ghent. Soc. t 1909, 41, 1309— 1313).— Diphenylallyl- 
carbinol, C 3 H 5 *CPh 2 ’OH (compare Javorsky, Abstr., 1908, i, 753), is 
a viscous, pale yellow liquid with a characteristic odour and a bitter 
taste, b. p. 300°/760 mm. (decomp.), 183 — 184°/27 mm., Df s 1*0720, 
Wi?' 8 1*59179. It decolorises bromine readily, and on oxidation with 
1*5 times the theoretical proportion of potassium permanganate, 
y ields a a-dipheny lb utane-ayh-triol, 

OH-CPh 2 -CH 2 -CH(OH)-CH 9 -OH, 

which crystallises in small, pale yellow, hygroscopic needles, m. p. 
136 — 137°. 

More vigorous oxidation of diphenylallylcarbinol (1 mol.) by means 
of permanganate (4 atoms of oxygen) yields /Miydroxy-j3/?-diphenyl- 
propionic acid (compare Rupe and Busolt, Abstr., 1908, i, 23). 

In one instance the action of magnesium on a mixture of allyl 
bromide and benzophenone yielded, instead of diphenylallylcarbinol, 
a product which, when distilled under diminished pressure, gave 
water and then a heavy, dark red liquid, b, p. about 290 — 292°, with 
a characteristic hydrocarbon odour. T. H. P. 

Action of Magnesium on a Mixture of Phenyl p-Tolyl 
Ketone and Allyl Bromide. \Y. Kuzmin (J. Russ. Rhys. Chern. 
pS'oc., 1909, 41, 1314 — 1319). — P}imyl-^-tolyl<dlylcarbinol % 
0 6 H 1 Me*CPh(0H)*CH. 2 *CIi:Cir 2 , 

obtained by the action of magnesium on a mixture of allyl 
bromide and phenyl ^-tolyl ketone, is a colourless liquid, b. p. 
201— 202°/30 mm. 
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a-Phenyl-a.-y-toli, 

J'- Wrf^f»(OlMR<np 

prepared by oxidising ph?nyl-/>-WlylaUyl< 
solution, forms nodular crystals, m. p. 149-^-150°. 

R-Hvdroxu-B-phmyl-p-ip-tolylpropiQnic acui > 

, C 6 H 4 Me-CPh(OH)-Ca/C 0 2 H, 

prepared by oxidising phenyl-p-tolylaltylcarbinol by means of 40 / 
permanganate solution, forms rosettes or nodular masses of acicular 
crystals, and begins to decompose at 181°. Its silver i potassium , and 
copgtr salts were prepared. T. H. p, 

Structure of Naphthenic Acids. K. W. Chahitschkoff 
(JfrRuss. Phys. Ghem. Xoc. } 1900, 41, 1150— 1152).— The structure of 
the naphthenic acids isolated from natural naphtha still remains 
undecided, descriptions which have been given of these acids often 
containing no information concerning either their characteristic 
reactions or their derivatives. These acids exhibit distinctly acid pro- 
perties, forming stable salts with many metallic oxides, and, in some 
cases, displacing mineral acids, for example, from copper and silver 
* salts ; whilst, on the other hand, they present the properties of 
anhydrides and alcohols, as they give Rosen thaler’s reaction with 
hydrochloric acid and vanillin, and form chloro-anhydrides, which are 
decomposed with difficulty by water, or an alkali yielding the corre- 
sponding acids, together with compounds of unknown constitution 
resembling simple ethers. The formula, 


,‘CIL 
"CH’OH 


given by Zalozetzky, and the one, 

CH,CHMe CH S 

CH 2 — CH., ^ 0 — un-AUi j 

given by Brun (Wischin, Die Naphtene, 28), and also other formula 
which have been given for decanapthenic acid, do not explain the 
acidic function possessed by the hydroxyl group. 

The suggestion is made that ct/cfohexane-3-acetic acid, 
C 6 H u -CH. 2 -CO,H 

(compare Zelinsky and Alexandroff, Abstr., 1902, i, 74), may be capable 
of existing in a tautomeric modification having the formula 
C 6 H n -CO-CH 8 *OH, 

which would explain the alcoholic properties exhibited by the Mid. 

Synthesis of Aromatic Amino-acids IV. Direct ^Carb- 
oxylation of Dimethylaniline in the Nucleus. Kea^ge 
ment of Alkylphenylcarbonates into p- and ^Alkylamn^ 
benzoates. Josef Houbf.n and Robert Freund (Br, 1WM* 
4815 — 4825).— The formation of dimethylammobenzoic “id 
methvlaniline, alkyl iodide, magnesium and carbon dioMdear^h ^ 
at 200° in presence of dimethylaniline sugges .i B introduction 
stance acts as a methylating agent, and that possibly t * the 
of the group CO.AIgl into the nucleus of methylamlme facility 
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metbylation of the methylamioo-group. On the other hand, no 
jnethylaininobe^nzoate ia formed on prolonged beating of magnesium 
dimethylaniline. '* Probably magnesium methyl- 
iodide aria dimetbylaniline first interact, forming methane and iodo- 
m agn esiumdimet hylanil ine, IMg*C^H 4 *NMe 2 , and this forms an 
additive compound with carbon dioxide, yielding the p-dimethylamino- 
benzoate. In agreement with this hypothesis, the salt of p-dimethyl- 
aininobenzoic acid is formed when jo-fcoluidine, dimethylaniline, and 
methyl magnesium iodide are heated in a stream of carbon dioxide at 
190—200°. yj-Dimethylaminobenzoic acid is formed when magnesium 
methyl iodide and dimethylaniline are heated in carbon dioxide at '21 5° 
in open vessels or under pressure. The formation of an inflammable 
gas, probably methane, was also observed, 

No salt of p-dimethylaminobenzoie acid is formed when dimethyl- 
aniline is heated with iodomagnesium acetate or formate, with or 
without carbon dioxide ; this disposes of the possibility that carbon 
dioxide and magnesium methyl iodide first react to form iodo- 
magnesium acetate. A 

p-Dimethylaininobenzoic acid is the main product when carbon 
dioxide and methylaniline magnesium iodide are heated under con- ; 
siderable pressure, but at the same time small quantities of an 
o-methylamino-acid are formed, crystallising in well formed blue, 
glistening needles, and fluorescing blue in alcoholic solution ; this is 
probably methylanthranilic acid. 

On heating carbon dioxide and ethylaniline magnesium iodide, 
a mixture of ^-diethylaminobenzoic acid, m. p. 193°, and p-ethyl- 
aminobenzoic acid, together with traces of methylanthranilic acid, is 
obtained. 

When carbon dioxide is heated at 220° under 10 atmospheres 
pressure with magnesium ethyl iodide and a mixture of mono- and 
di-ethylaniline, both jt?-diethyIaminobenzoic acid, m. p. 190°, and 
y-ethylaminobenzoic acid , in. p. 177 — 178°, are formed, p -Acdlyl- 
ethylaminobenzoic acid forms colourless platelets, m. p. 180°; the 
cMoroacetyl derivative also crystallises in colourless, flat plates, 
m. p. 163 — 161 0 ; the flarJeJ/uxey-compound separates in needles, 
m. p. 130°. K F. A. 

Benzylamineacrylic Acids (w-Aminomethylcinnamic Acids). 
Alfred Einhorn and Maximilian Gottler {Ber., 1909, 42, 
4837 — 4850). — Methylolchloroacetamide and cinnamic acid interact 
in presence of concentrated sulphuric acid, forming a mixture of 
fti-chloroacetylamino-jt?- and -m-methylcinnamic acids. The two iso- 
merides may be separated by means of acetone, in which tho para- 
derivative is sparingly soluble. 

Ethyl o-chloroacetylamino-p-methylcinnamate interacts with diethyl- 
amine or piperidine, forming ethyl w-diethyl- or piperidyl-glycylamino- 
p-methyleinnamate, which is hydrolysed by hydrobromic acid to 
the corresponding acid. 

When boiled with hydrochloric acid, w-chloroacetylaminoy-methyl- 
cinnamic acid is converted into the hydrochloride of w-amino-y>-methyl- 
cinn ami c. acid, from which the free acid is obtained on evaporation 
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acid forms terepbthalic 
Croua acid converts it j, 


into 


with ammonia, tu-Amini^-met] 
acid on oxidation with germaryf 
yMnethylolcinnamic acid. 

On nitration of w-chloroacetylamioo-yj-methylcinnamic acid 
-mixture of two isomeric mononitro-acids, m. p, 17 1 — ^172° ay 
224 — 225°, is formed. 

The less fusible acid is converted into a nitro-<D-chloroacetyUmj no . 
p-tolualdehyde on oxidation, which, since it is coloured blue by acetone 
and alkali hydroxide, contains the nitro- and COH-gronps in the 
adjacent positions ; therefore it must be o-nitro-w-ehloroacetylamino. 
jp-methylcinnamic acid ; the more fusible isomeride is m -n i t r o - wchloro- 
acetylamino-^methylcinnamic acid. 

Two mononitro-derivatives are similarly formed from w-chloroacetyl- 
amino-m-methylcinnamic acid, m. p. 220° and 198° respectively. The 

latter gives on oxidation nitro-w-chloroacetyUmino-m-tolualdehyde 

which forms a claret-red phenylhydrazone and gives a blue coloratioa 
with acetone and alkali hydroxide; it has accordingly the formula,; 


JNO, or 

CHO " CIIO 

The nitro-acid, m. p. 220°, is the main product; it forms a nitro- 
aldehyde giving a greenish-red colour with acetone and alkali, and has 
accordingly the nitro-group in the meta- or para-position : 

N0 2 

CH./NH-C0 , CH,C1 ' 


or NO ' 


€H 2 -NH-C0*CH 3 C1 


NO/ >CH 2 -NH*C0CH 2 C1 


i 


CHO CHO 

Cinnamic acid is dissolved in much concentrated sulphuric acid, and 
methylolchloroacetamide slowly added in the cold; about 70% of the 
theoretical quantity of the condensation product is obtained. Perman- 
ganate oxidises it into a mixture of terophthalic and isophthalic acids, 
identified by their dimethyl esters. By treatment with acetone the 
product is separated into urchloroacetylamino-'p-viethyl cinnamic acid, 
COgH-CHICH’CfiH^CH^NH’CO'CHgCl, crystallising in well formed 
needles, m. p. 210°, and <D^hloroacetylamino-m-melhylcmnarnk acid , 
which separates in starch-like, crystalline aggregates, m. p. 152- — 155''. 

The ethyl ester of the former crystallises in bunches of intergrown 
needles, m, p. 106 — 107° ; the methyl ester has m. p. 96 — 97°. 

Ethyl iddiethylghjcylamino-p-niethylcinnamale, 

CO Si Et*CIi:CH*C (] H 4 *CH 2 , NH , CO*CH 2 , NEt 2J 
was obtained as an oil on condensation of the above ester with 
diethylamine ; the mite were also oily, with the exception of the 
pier ate, which crystallises in golden-yellow plates, m. p. 152°, lhe 
hydrobromit' ^ the corresponding acid crystallises in fatty, glistening 
plates, m. _ J )‘ 212°. 

Ethyl fi ne > a lkyl lycyhthiino-p methyl cinnamate is a thick fluid ™ > 
the '-• 'in presence from alcohol in platelets, m. p. 170°. The 
hu/cQ acts as a methy^^ystallises in glistening plates, m. p. 226— -•*(■ 
/ the group C0 2 MgI i.. ami * c ac ^ ‘ N H 2 * Oil, ■ C 6 H 4 ' 0 H ICH- CO ,H, 
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crystallises in plates, whjch do not melt at 320°. The hydro- 
chloride forma'stellar aggregates of lustrous" needles, m, p. 295—296°. 
The acid interacts with monochloroacetic anhydride, forming the 
w .chloroacetyl described above. 

^Amino-m-methylcinna » tic acid crystallises in prismatic needles, which 
darken at 200°, m. p. 243 — 244° (decomp.). The hydrochloride forms 
quadratic plates or rhomboids. 

p -Methylolcinnamic acid, 0R-CH 2 -C c H 4 i CIi:CH*C0 2 H, prepared by 
the action* of sodium nitrite on the amino-jo methylcinnamic acid 
separates in indefinite, flocculont aggregates or needles, in. p. 
200 — 201 °. 

2-Nitro-ii)-chloroacetyfamino-ip‘methylcinnaniic acid crystallises in 
colourless needles, m. p. 224 — 225° ; the ethyl ester forms very minute 
needles, m. p. 143 — 144° 

Z-^itro-o>-ckloroacetylamino-p-tolualdehyde crystallises in minute 
rhombohedra, m. p. 171° (decomp.). When warmed with concentrated 
hydrochloric acid, it becomes at first violet- red, later a dirty green, 
and subsequently a black powdor separates. The phtnylhydraz one 
forms garnet-red prisms, m. p. 191 — 192° (docomp.).' The aldehyde 
condenses with acetone in presence of sodium hydroxide to diketo- 
piperazinobis {p-nitro-p-rnethylstyryl methyl ketone), 

C 4 N 2 H 4 O 2 [OH 2 -0 6 H 8 (NO 2 )*CH:CH-C0Me] 2 , 
crystallising in matted needles, which darken at 230°, m. p. 242° 
(decomp.). 

$-Nitro-ui-chlo7'oaceiylainino-])-methylcinnamic acid forms strongly 
refractive plates, m. p. 171 — 172° ; the ethyl ester forms rectangular 
platelets, m. p. 105°. 

4- or h'-ffiitro-iti-chloroacetylamino'isi-methylcinnamic acid crystallises 
in needles, m. p. 220°; the ethyl ester separates in prisms, m. p. 
148—150°. 

0- or §-A r itro-w-chloroacetyl(tmino-m-tolualdehyde forms refractive 
parallelogram-like plates, m, p. 19S — 199°, and gives an intense red 
coloration with acetone and alkali. o-NilroM-chloroacetylamino - 
m-methylcinnamic acid crystallises in leaflets, m. p. 198° ; the ethyl 
ester forms refractive platelets, m. p. 241 ~ 242° (decomp.). o-Nitro- 
tii-chloroucetylamino-w-tolualdehyde forms bunches of needles, m. p. 
125° j it gives an intense blue coloration on warming with acetone 
and sodium hydroxide. The phenylhydrazone crystallises in needles 
aggregated in bunches, m. p. 174°. E. F. A, 

Some Condensation Products from Arylsulphonated 
Acetonitriles and Aromatic Aldehydes. Julius Troger and 
11. Bremer [Arch. P/utrm 1909, 247, 613— 617). — The following 
compounds have been obtained by the method described previously 
(Abstr., 1908, i, 798) ; the notation is the same, namely, 
K-OH:C(S0 2 tt')*CN. 

B=/>C 6 H 4 ’NMe 2 , R' = Ph, red needles with blue fluorescence, 194°; 
11 - p-C 6 H 4 Pi^ R'-Ph, pale yellow needles, 78°; R = p-C 6 H 4 *OH, 
R/ = Ph, yellowish- white crystals, 214°; lv = p-C e H 4 *.NMe 2 , R = 
/2-C 10 H 7> red crystals, 197°; R-^'C 0 H 4 Pr^ R' - ^-C 10 H T , large prisms, 
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146°; R-J^O/QH, cry^alv 157°: j 

C « H 4-S H S . •*' - P-C'H^CI, itt&ombtfHH, 245-246° • ’ **?• 

4 ■ , R^C^-OH, R' -p.C a H 4 Cai 

yellow prisma, 164— 166°; R=p-C 6 H 4 -NMe 2 , R' = p-C.R, 
crystals with blue fluorescence, 217°; R=jo-C 6 H 4 *OH, R'-Jn? 
leaflets, 133-135°; R~p-C 6 H 4 NMe 4 , R^ F C 6 H 4 Br, red priZ S’ 
blue^fchimmer, 240—241°; R=y>-C 6 H 4 *OH, R'=p-C,.lLBr IvT 
prisms, 166°; R^C 6 H 4 *NMe 3 , R=|J-C fi H 4 I, ruby-red 
blue shimmer, 222°; R=jo-C ft H 4 *N3Ie 2 , R' — C 6 H 2 Me,, HuU , 
prisms, 192° ; R=jo-C g H 4 *OH, R'»C e H a Me 31 yellow prisms, 181° ed 

c.k 


Halogen -amino-acids. VIII. Position of the Iodine Atom 8 

§ ' Di-iodotyrosine (Iodogorgonic Acid). Henry L. Wbeeu® 

S Carl 0. Johns ( Amer . C 'hem. J. f 1910, 43, 11 — ID). Wheeler 

and Jamieson (Abstr., 1905, i, 350) synthesised iodogorgonic acid an<j 
showed it to be a di-iodotyrosinc, probably the 3 : 5-compound. Xfrs 
configuration has now been confirmed. 

Di-iodotyrosine, when treated with methyl iodide and potassium 
hydroxide, is converted into a compound, provisionally regarded as 
0Me*C 6 H. 2 I 2 *CH 2 *CH(NMe a I)*C0 2 II. On boiling this substance with 
sodium hydroxide, sodium 3 : 5<li-iodo-p-methoxycinnanuite is obtained 
and, when acidified with hydrochloric acid, is converted into the 

corrtjsponding acid , 0Me , C G H. 2 I./CHICH , C0 2 H, m. p. 202 203°, 

which forms minute prisms or long, silky needles. This acid has 
also been prepared by the methylation of 3 : 5-di-iodo-p hydroxy- 
cinnamic acid (Paal and Mohr, Abstr., 1897, i, 53), which has 
m. p. 247° (decomp.). The potassium, barium, silver , mercury, and 
copper salts of 3 : 5-di iodo-ynnethoxycinnamic acid are described. 
The methyl ester, m. p. 173 — 174°, crystallises in thin plates, and 
the ethyl ester, m. p. 135°, in small, colourless prisms. E. G. 


Conversion of Stable Stereoieomeric Ethylene Derivatives 
into the Labile Modifications by Ultraviolet Light. Richard 
Stoermer ( Ber ., 1909, 42, 4865 — 4871). — In connexion with the 
stereoisomerides of substituted ethylenes, the conversion of the 
labile into the stable modification by the action of light, particularly 
in the presence of a halogen, is not uncommon. The converse 
change, produced by light alone, has been remarked in very few cases 
(Paal and Schultze, Abstr., 1902, i, 228 ; Ciamician and Silber, ibid., 
1904, i, 161). 

Perkin has noted tho conversion of methylcoumarinic acid into 
methylcoumaric acid by sunlight (Trans., 1881, 39, 409), but the 
author finds that in the coumavie acid series the tendency is the other 
way, the stable form changing to the labile under the influence of 
ultraviolet light. Thus Perkin’s change occurs only to the extent of 
25%, whereas coumaric acid yields 75% of coumarin, methylcoumaric 
acid yields 75% of methylcoumarinic acid, ethylcoumaric acid yields 
ethyl coumarinic acid quantitatively, and acetylcoumarie acid is also 
quantitatively changed to acetylcoumarinic acid. 

That the changes tye caused by the ultraviolet rays is proved by 
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means of ligU^ filters, th^ J^rpoaition of a filter which absorbs 
ultraviolet flight between tnO l^hip an<| the solution preventing any 
change - of the stable to the labile modification. Hence the less 
fusible stable forms of stereoisomeric compounds can be changed 
directly, under definite conditions, into the more reactive labile 
modifications if energy is supplied by ultraviolet light. Thu 9 the 
stable form of o-anisylcinnamic acid, which could not be changed into 
the labile modification by Stoermer and Frederici (Abstr., 1908, i, 
179), has flow been converted to the extent of 50% by using a more 
intense light. In the case of stereoisomeric a-alkylated acids, the 
conversion of the stable into the labile form is a matter' of great 
difficulty. The case of cinnamic acid is interesting. A benzene 
solution of ordinary cinnamic acid is exposed for eight days to the 
light of a Uviol lamp, with the result that 25 — 30% of Liebermann’s 
isocinnamic acid, m. p. 58°, is produced. aWoCinnamic acid In 
benzene is converted into ordinary cinnamic acid under similar 
conditions. Also fumaric acid changes to maleic acid in eight days, 
but the conversion of mesaconic acid into citraconic acid is very difficult, 
these being a-metbylated acids. When stilbene in benzene is exposed 
to ultraviolet light for eight days, it is converted to the extent of 
about 90% into isostilbene, which can be reconverted into stilbene by 
heating at 170 — 180° for one hour, by the vapour of fuming nitric 
acid in a few minutes, and quantitatively by exposure to sunlight of 
its solution in carbon disulphide containing a trace of bromine. 

C. S. 

General Synthesis of Phenylated Fatty Acids. Ferdinand 
Mauthner (Annahn, 1909, 370, 368—375. Compare Abstr., 1908, 
i, 986). — Derivatives of acetic acid, containing as a substituent 
either a phenyl or substituted phenyl group, may be prepared from 
the corresponding aromatic aldehydes by the following series of 

CO 

changes: (1) H-CH0 + NHBz-CH 2 -C0,H = 2H i ,0 + NBz<VX (TTT> j 

U.C-ELK, 

CO Aqueous 

(2) HBz< i y Nff. + Ph-COjvH + CHJt'CXMXhH, and (3) 

O.OHK NaOH . 

CH 2 R*C0*C0 2 H + H 2 0 2 = H 2 0 + C0 2 + CH 2 R‘C0 2 H. The isolation 

of the substituted pyruvic acid is unnecessary ; the solution obtained 
by boiling the azlactone with a dilute aqueous solution of sodium 
hydroxide is treated with hydrogen peroxide at the ordinary tempera- 
ture. In order to exemplify its general applicability, phenylaceticacid, 
;>hydroxyphenylacetic acid, o-methoxyphenylacetic acid, p-methoxy- 
phenylacetic acid, homovanillic [4*hydroxy-3-methoxyphenylacet>ic] 
acid, and homopiperonic [methylenedioxyphenylaeetic] acid have been 
prepared by this method. *■ 

The following azlactones are prepared by heating the necessary 
aldehyde with hippuric acid, acetic anhydride, and sodium acetate on 
a water-bath. 2>-Acetoxy-i-methoxy-(a)-be7izoyliminociniuimic anhydride , 
0 19 H l5 0 5 H, has m. p. 194 — 195°. 2-Methoxy-(a)-benzoyliminocinnamic 
anhydride , O^HjgOsN, crystallises in yellow leaflets, m. p. 165 — 166°. 

* W. H. G. 
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Lactonoid Anhydrides of Acylated Amines. I. The 
Lactones of Acetylanthranoylanthranilic Acid and of Acetyl 
anthranilic Acid. Ernst Mohr and Friedrich Kohler (j; 
Chem 1909, [ii], 80, 521— 546).— Anthranoylanthranilic acid, *he* 
boiled with excess of acetic anhydride, yields the lactone, 

NHAcO,H,C<X. 

and not acetylanthranoylanthranilic acid (Anschiitz, Schmidt, and 
Greiffenberg, Abstr., 1903, i, 57). The formation of this characteristic 
lactone is one of the best criteria for the recognition of anthranoy! 
anthranilic acid. 

Anthranilic acid or acetylanthranilic acid, when heated with acetic 

CMelN. t , 

anhydride, yields acetylanthranil, ^ ar id Hof, 

Abstr., 1900, i, 229; Anschutz and Schmidt, ibid., 1903, i, 56), and 
benzoylanthranilic acid yields a similar lactoDe (Angeli and Angelico, 
Abstr., 1901, i, 46 ; Heller and Fiesselmann, ibid., 1902, i, 780). 
Thionyl chloride transforms anthranoylanthranilic acid into a lactone, 
m. p. 162° (Scbroeter, Abstr., 1907, i, 530), which reacts with acetic 

anhydride, yielding acetylanthranoylanthranilic acid’ lactone. 

Benzoylated a-amino-fatty acids are also capable of losing water in 
a similar manner, yielding lactones (Rrlenmeyer, Abstr., 1893, i, 580 ; 
1899 i 759; 1900, i, 549; compare also Mohr and Geis, Abstr., 
1908, i/ 339, and Mohr and Stroschein, ibid., 1909, i, 581). 

These lactones are intermediate in properties between acid anhydrides 
and lactones, and belong to Hans Meyer’s second class of lactones 
(Abstr., 1900, i, 9). They combine readily with ammonia, yielding 
amides ’of the type NHAc-C tf II 4 -CO-NH*C 6 H 4 -CO-KII,, which lose 
the elements of water when boiled with sodium hydroxide solution, 

t n Gg ^ 4 

yielding cyclic imides, for example, ^ HAc*C (; H 4 ^ * 

The possibility of a lactam structure, NHAc-CJ^-CO^^q , 


for the lactone of acetylanthranoylanthranilic acid is discussed, but 
rejected (compare Bamberger, Abstr., 1903, i, 432 ; 1909, i, 509)* 

Acetylanthranoylanthranilic acid crystallises in colourless needles, 
m. p. 221*5— 222° (Anschutz, Schmidt, and Greiffenberg, 225—-^ ). 
The sodium salt crystallises in thin, flexible needles. The lactow, 

Vj^ 4 , crystallises in pale yellow plates or needle?, 

m. p. 211—212°. When wanned with sodium hydroxide solution, it 
yields ultimately acetic and anthranilic acids. When boiled wi 
alcoholic ammonia, the lactone yields acetylanthranoyluHtw* 1 ™ . 1 
NHAc-aH 4 *CO-NH-C 0 H 4 -CO*NH,, which crystallises in gUstem g. 
Bnow-white prisms, m. p. 226-227° (decomp.). The 

aminophenijl-3 : i dihydro - 1 : 77H., C^H 4 

obtained by boiling the above amide with 6A'-sodium 
solution and precipitating with acetic acid, crystallis » 
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yellow needles, m. p. 237°, and has both feebly basic and acidic 
properties. The socJttm salt and the hydrochloride have been prepared. 

The acetyl derivative, C l8 H 13 0 2 N 3 , crystallises in very pale yellow 
prisms, m. p. 278° (decomp.), and yields a sparingly soluble sodium 
derivative. 

The name lactimones (Abstr., 1908, i, 339 ; 1909, i, 581) for this 
type of lactone is withdrawn. J. J. S. 


Lactonoid Anhydrides of Acylated Amino-acids. II. 
Lactone of a-Benzoylaminoisobutyric Acid. Ernst Mohr [with 
Theodor Geis] (J. Chem 1910, [ii], 81, 49 — 73. Compare 
Abstr., 1908, i, 339). — A more detailed ‘account of work already 


published. 


The lactimono, CMe 2 <[[ 


NirCPh 

CO‘0 


(loc. cit.), is a very 


reactive substance, yielding a-benzoi/laminoi^obutyranilide, 
NHBz-CMe>CO-NHPh, 

m. p. 2*28— 229°, with aniline; the chloride , NHBz-CMe./COCl, m. p. 
148 — 150° (decomp.), with dry hydrogen chloride, and a-benzoylamino- 
iso butyrylglycine, NHBz*CMo. 2 , CO*NH*OH 2 *CO 0 H, m. p. 191°, by 
heating with glycine at 140 — 170°. 

Ethyl a-benzoylaminoisobutyrate has m. p. 123°, and the methyl ester, 
m. p. 124°. C. S. 


Condensation of p-Hydroxybenzoic Acid with Form- 
aldehyde. Felix Epstein (J. pr. Chem., 1910, [ii], 81, 85—93). — 
The interaction of p-hydroxybenzoic acid, 40% formaldehyde, and 
dilute hydrochloric acid for eight to ten hours on the water-bath 
results in the formation of 2 : 2' -dihydroxydiphenylniethane^ : 5 -di- 
carboxylic acid, [C0 2 H* C e H g (OH)] 2 OH 2 , an ill-defined substance which 
carbonises by heating and does not yield crystalline derivatives ; the 
copper salt, C 15 H 10 O 8 Cu,3H 2 O, and the diacetyl derivative, C 19 li 16 0 5 , 
have been prepared. By prolonged heating with concentrated 
sulphuric acid, it is converted into a green sulphoxanihimdicarboxylic 
acid , C 15 II 10 O 8 S, which forms a green copper salt, (C 15 H 7 0 8 S) 2 Cu s . 


New .Method of Preparing Ellagic Acid. L. V. Buschueff 
(J. Ruse . Fhys. Clmn. Eoc. t 1909, 41, 1484— 1488). — The action of 
Berthollet’s salt and hydrochloric acid on protocatechuic acid yields 
katellagic acid, whilst gallic acid under the same treatment gives 
ellagic acid. T. H. P, 

Preparation of Acids and Amides from Phenyl Alkyl 
Ketones by means 'of Yellow Ammonium Sulphide. Conrad 
Willgerodt and Wilhelm Hambrecht (J. pr. Chem., 1910, [ii], 81, 
74 — 85). — The behaviour of j?-tolyl alkyl ketones is exactly analogous 
to that of phenyl alkyl ketones in the reaction described previously 
(Abstr., 1909, i, 716) provided the conditions therein mentioned are 
strictly adhered to. The yields of amide and acid are less the greater 
the carbon content of the alkyl groups, and the preparation of fatty 
VOL. XCVlil, i. k 
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aromatic acids by means of Willgerodt’s reaction reaches it 8 ]i m ] t 
between the valeryl and the heptyl ketones. _ 

«~Tolyl methyl ketone and yellow ammonium sulphide at 220° gi Ve 
45% of ^-tolylacetamide and 8—10% of p-tolylacetic acid, whilst with 
colourless ammonium sulphide, 2 : 5-di-p-tolyltMophen and 2 :4-di- 
p-tolylfchiophen are obtained in addition to the preceding amide and 
acid. Similarly, p-tolyl ethyl ketone and yellow ammonium sulphide 
at. 210° vield 30°/, of p-tolylpropionamide and 6 — 8% of the correspond- 
ing acid. p-Tolyl propyl ketone, C 7 H 7 *COPr a , b. P- 247— 248°, p re . 
pared from butyryl chloride and toluene in carbon disulphide in the 
presence of aluminium chloride, forms a phenylhydrazone , m. p, 73°, 
and by the Willgerodt reaction at 210° yields 18 20% of p -tolyb 

butyramide, m. p. 135°, and 5% of p -tolylbutyric acid, m . p. 60°, of 
which the barium and silver salts are described, p - lolyl isopropyl 
ketone and yellow ammonium sulphide at 200° yield ^tolylmbutyr- 
amide , m. p. 130°, and a very small amount of p-^dso^^u, acid, 
m. p, 85°. p -Tolyl \sobutyl ketone , C T H 7 *CO*bH./CH\.e 2 , b. p. 
254--255 0 * obtained from toluene and wovaleryl chloride, forms an 
oxime," ni. p. 65°, and yields 3—4% of p-lolylisomlemmuh, imp, 150°, 
and a very slight trace of the acid, m. p. 128 , in the Willgerodt 
reaction at 190°. p -Tolyl butyl ketone , m. p* 17®, b. p. 261°, and yellow 
ammonium sulphide at 180° yield 2% of p- tolylvaleramide , m. p. 113°, 
and an unappreciable quantity of the corresponding acid. C. S. 


Preparation of Benzophenoneimine Derivatives. G. 
Beddelien (Ber., 1909, 42, 4759-4762) -A good yield of benzo- 
phenonephenylimine (diphenylmethyleneaniline ; Pauly, this Journ., 

1877 ii 614 ; Graebe, Abstr., 1899, i, 702; Bageli, ikd., i, 910) can 
be prepared by condensing aniline and benzophenone with anhydrous 
rinc chloride at 160—180° for half an hour. Substituted anilines can 
react in a similar manner, and the stability of the product increases 

with the presence of negative substituents. . 

CPh 2 :N-C 6 H 4 lIe, is a viscid oil, and lus 
b n. 22B°/15 mm., 245°/30 mm., or 360°/atm. pres. 

The isomeric wtefa-derivative crystallises in rectangular, pomte 

: l-xylidine, C^‘WU P forms rhombic 

^Diphtmjnulkyletu-m-nitroaniline, CPb 2 :N-C 6 H 4 -K0 2 , crystaltas mb 

yellow cubes or hexagonal plates, m. p 123^. W"#?*** 

po minophenol, CPh s :N-C 0 H 4 -OH,C 2 H-OII forms yellow pUtes, mp. 
172°, and loses its alcohol of crystallisation at 110 . It 

towards hydrolysing agents. . H . NMf 

forms compact, orange-yellow crystals, and melts at ba to 

brown liquid, which clarifies at 93°. derivative, 

A by-product, obtained in the preparation of the amli 
is the zinc compound, 2NH,Ph,ZnCl.,2H ! 0 (Lachow.cz and Bandro t 
Abstr., 1888, 1281). 
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Dibenzylideueacetone [Edstyryl Ketone] and Triphenyl- 
methane. V. Nature of the Linking of the Halogen 
Atoms in the Ketohalides of Unsaturated Ketones. I. 
Fritz Stbau& [and, in part, A. Ackermann and Georg Lutz] 
(AnTuden, 1909, 370, 315 — 367. Compare Straus and Ecker, Abstr., 
1906, i, 859; Straus and Caspari, Abstr., 1907, i, 609 ; Straus and 
Ackermann, Abstr., 1909, i, 489 ; Straus and Hussy, Abstr., 1909, i, 
490 ), — The present communication deals mainly with the difference in 
the reactivity of the halogens in distyrylchlorobromomethane and 
p-chlorophenyl-p-chlorostyrylchlorobromomethane. These substances, 
prepared by the action of acetyl bromide or hydrogen bromide and 
calcium bromide on the corresponding chloro-carbinols dissolved in 
benzene, are distinctly yellow, a further example of the analogy 
between these ketohalides and triphenylmethyl halides. 

The chloro bromides are strictly analogous with the corresponding 
koto-chlorides in their chemical properties ; for example, the power of 
one of the ethylene linkings to add on halogen is completely lost ; the 
benzylideneacetophenone derivative does not combine with bromine, 
and distyrylchlorobromomethane combines only with 1 mol. of 
bromine ; further, the group >CClBr reacts in all cases so that only 
one atomic proportion of the halogen takes part in the change ; thus, 
one mol. of the chlorobromide when acted on by water or methyl 
alcohol yields one mol. of hydrogen halide, about 96% of which is 
hydrogen bromide, the remainder being hydrogen chloride ; similarly, 
an equivalent of halogen is eliminated from ja-chlorophenyl-p-chloro- 
styrylchlorobromomethane when treated with an excess of silver oxide ; 
the product is a mixture of the corresponding chloroearbinol (about 
98%) and bromocarbinol. 

The rate at which the halogen in triphenylbromomethane, distyryl- 
chlorobromomethane, diphenyldibromomethane, jt?-chloroptienyl-jo-chloro- 
styrylchlorobromomethane, and the corresponding cliloro-compounds is 
replaced by hydroxyl (compare Straus and Hvissy, loc . cit.) has been 
investigated ; it is found that the reaction velocity decreases in the 
order given, and that the bromo-compounds are decomposed far more 
rapidly than the corresponding chloro-compounds. 

The chlorobromides dissolve in concentrated sulphuric acid with the 
elimination of hydrogen halide; the reddish-violet solutions probably 
contain complex salts of the two sulphates, RR 1 CC1*S0 4 H and 
RRjCBr-SC^H, with sulphuric acid ; in support of this assumption it 
is found that the absorption spectra of the solutions differ slightly from 
those of the corresponding keto-cblorides. The solutions of the chloro- 
bromides in liquid sulphur dioxide are more intensely coloured than 
those of the keto-cblorides, indicating a greater degree of ionisation, 
which probably takes place in two directions, RRjCCl ] Br and 
KlijCBr | Cl, but mainly in the manner indicated by the first formula. 

Triphenylchloromethane when acted on by a A r /4-solution of 
hydrogen bromide in benzene is converted into the corresponding 
bromo-compound to the extent of about 85% ; the reaction is a 
reversible one, a state of equilibrium being reached in about five 
minutes. Similarly, the chlorine is largely replaced by bromine when 

k 2 
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a solution of the cbloro-compound in benzene is shaken with cal ' 
bromide ; this reaction is likewise reversible. The interaction' 11111 
keto-chlorides with hydrogen bromide and with calcium bromide 1 
a more complex character j a solution of distyryldichloromethane ‘ 
benzene containing hydrogen bromide is found to contain part of 
substance in equilibrium with the corresponding chloro-bromide !! 
di-bromide, as represented by the equation ; (CHPhlCHl Cn d 
2HBr (CHPhXH) 2 CClBr + HBr + HC1 (CUPhtCHViJBrI 
2HC1. Calcium bromide is found to react in a similar maimer 5 Qn 
the other hand, when a solution of distyrylcblorobromomethaue in 

benzene is treated with a slight excess of silver chloride, it is convert^ 
completely into the corresponding keto-chloride; this is in complete accord 
with the behaviour of triphenylbroinomethane towards silver chloride 

The investigation has been extended to a study of the behaviour of 
tertiary butyl chloride and the corresponding bromide towards water 
hydrogen halides, and calcium halides. It is found that these com 
pounds are decomposed rapidly by water, and undergo reversible double 
decomposition when treated with a dissimilar hydrogen halide- the 
bromide interacts to a small extent with calcium chloride, but the 
chloride is not attacked by calcium bromide. 

The different reactivity of the halogen atoms in the keto-chlorides 
and chloro-bromides is regarded by the author as due to a different 
form of union between the carbon atom and the two halogen atoms 
the replaceable halogen being joined to the carbon by au ionogenetic 
valency (“ ionogcw Valenz ”); accordingly, the bromo-chlorides and 
keto-chlorides are to be regarded as solid solutions of two valency 
isometides in a state of equilibrium ; this may be represented in the 
case of distyrylchlorobromomethace thus; (OHPhICH) 2 CCK - -Br 71 
(CHPb:CH) s CBr - Cl, 

The bearing of the results obtained in this investigation on the 
question of the constitution of the triphenylhalogenmethanes is 
discussed, and the views of Baeyer (Abstr., 1909, i, 641} and Gomberg 
(Abstr., 1907, i, 504 ; 1909, i, 144) adversely criticised. 

ip-Chlorophenyl-]ychloi'Q$tyrylchlorobromomethaM t C Uj H 10 Cl s Br, crystal- 
lises in compact, pale yellow prisms, m. p. 985 — 99*5° ; dilute solutions 
in liquid sulphur dioxide are violet, -red, more concentrated solutions 
are pale yellow ; a solution of the substance with stannic chloride in 
nitrobenzene is bluish-red. 

Distyri/tchlorobromomethane, C 17 K l4 ClBr, crystallises in stellate 
groups of large, slender, glistening, yellow leaflets, m. p. 91—92°; the 
dibromide, C 17 H 14 C1 l»r 3> crystallises iu radially -grouped, colourless prisms 
and decomposes at 165 — 166° ; the mercuribrotnide, C l7 II l4 <JlBr,4Hghq, 
is a crystalline, green powder. W. If. 0. 

The Pyrogenetic Decomposition of (1) /3-Benzopinaeolin and 
(2) a-Benzopinacolin. M auk ice Delacke {Bull. Hoc. cfwn W09, 
[iv],5, 1 144 — 1149, 1149 — 1159). — Both products were first carefully 
purified and then heated in retorts, the products of distillation being 
collected and separated by fractional distillation, and finally 7 
crystallisation from appropriate solvents, where necessary. l' u 
details of these separations are given in the original papers. 
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/ 3 -Ben zopinaeolin yielded triphenyl methaqe, p-benzoylbriphenyl- 
methane, tetraphenylethylene, <f needles/’ benzene, benzaldehyde, 
benzopbenone, and unidentified products boiling at 240—320°, 
340—430°, and 405 — 440°, and some carbonaceous residue. 

orBenzopinacolin furnished substantially the same products, with 
the addition of “ yellow needles ” and unidentified products of some- 
what different boiling points, Tho relative yields of the various 
substances were not the same in the two cases. An unidentified 
substance, showing violet fluorescence, was presont in both sets of 
distillation products. The “ needles” were isolated from the fractions 
boiling at 325 — 380° and 380—405 ; this material had m. p. 144°, 
and may be identical with Hemilian’s hydrocarbon, O l9 H 14 . The 
f * yellow needles” obtained from a-benzopinacolin came from the same 
fractions as the “ needles ” ; this product had m. p. 245°, and contained 
carbon, 78*8%, and hydrogen, 4*5%. T. A. H. 


Action of Acetic Anhydride on Octabromo-rhydroxy- 
l-methoxy-o-quino-l- monoxide. O. Louisa Jackson and II. A. Flint 
[Amer. (Jhem. J., 1910, 43, 7 — 11). — Jackson and Porter (Abstr., 1904, 
i, 254) and Jackson and Carlton (Abstr., 1905, i, 907) have shown that 
tetrabromo-o-quinone readily unites with methyl alcohol to form a 
compound, termed the methyl a-compound, which, when boiled with 
methyl alcohol, is converted into an isomeric or /3-compound. Jackson 
and MacLaurin (Abstr., 1907, i, 223) have found that the a-compound 
is octabromo-l'-hydroxy-l-methoxy-o*quino-l-monoxide, and that the 
/3-compound is octabromo-V-hydroxy-l-methoxy-o-quino-l :2 : 2-tri- 
oxide. These authors also found that by the action of acetic anhydride 
on the a-compound, two substances were produced, one of which was 
yellow and had in. p. 225°, whilst the other was white and had 
m. p. 218°. 

A further study of the yellow compound has shown that, when 
pure, it has m. p. 244° (decomp.), and that it is identical with bepfca- 
bromo-o-qui nocatechol hemi-ebher (Jackson and Russe, Abstr., 1906, i, 
288). On treating this substance with hot acetic anhydride, it is con- 
verted into hexabromo-o-quinocatechol ether (Jackson and Koch, Abstr., 
1901, i, 097). When heptabromo-o-quinocatechol hemi-ether is shaken 
with 10% solution of sodium hydroxide, a substance, w. p. about 240° 
(decomp.), is obtained, which forms white, rhombic crystals. E. G. 


Aminoanilide and Certain New Dianilides of a-Naphtha- 
quinone. Oswald Miller and J. Smirnoff (J. Russ, Pky%. Chem. 
Hoc., 1909, 41, 1420 — 1421). —In acetic acid solution, amino- 
imino-a-naphthaquinone (di-iminonaphthol) hydrochloride is converted 
by aromatic amines into the corresponding dianilides ; 

< s ^ +ss ^’”‘ +c ‘<i3ir p ' 

The reaction probably takes place in two stages, the first of these 
resulting in the formation of an aminoanilide of a-naphfchaquinone, 

c CO — c-nh 2 

6 ,< 'C(NK)-(!H • 

aminoamlides, which have not been described previously, are obtained 


Tho authors find that these intermediate 
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when the reaction between the aromatic amine and the di-i^ no 
naphthol hydrochloride takes place in alcoholic solution, in which th 
velocity of formation of dianilide from aminoanilide is less than that 
of the aminoanilide itself. 

The aminoanilides of a-naphthaquinone aro coloured, crystal!^ 
compounds, readily soluble in alcohol or dilute acid ; in most cases 
they exhibit softening before melting. The following compounds of 
this type have been obtained in the pure state. 

' Aminoanilide, brown prisms or red needles, m. p. 121°. dwuno-o- 
toluidide , red needles, m. p. 115°. Amino-m-toluidide , red needles 
m. p. 110°. Amino-p toluidide, red needles, m. p. 122 , 5°. Amino-xyliA^ 
(Me : Me : NH 2 = 1 : 2 : 4), red prisms or needles, m. p, 144°. Amh*. 
xylidide (Me:Me:NH 2 =l : 3 : 4), pale red prisms or needles, m, * 
160°. Aminoxylidide (Me : Me : NH 2 = 1 : 4 : 5), reddish-brown needles, 
m. p. 153°. Amino -ty-cumidide, red needles, m. p. 155°. 

The following new dianilides of a naphthaquinone have also been 
prepared. Di-o-toluidide , orange prisms or needles, in. p. 123*5°. J)i- 
m -toluidide, red needles, m. p. 147°. Dixylidide (1 : 2 : 4), reddish- 
brown prisms or needles, m. p. 184°. Dixylidide (1 : 3 : 4), reddish- 
brown prisms, m. p. 154°(1). Dixylidide (1:4:5), reddish-brown 
prisms or needles, m. p. 114° (?). T. H. P. 

Action of Piperidine on d-Pinene Chloro- oxime. L. Y. 
Busceiueff [J. Russ. Phys. Chew. Soc ., 1909, 41, 1481 — 1484).— The 
action of piperidine on the chloro-oxime of d-pinene isolated from 
Russian turpentine yields (1) nitrosopinene, agreeing in all its pro- 
perties with that obtained by Golubeff (Abstr., 1908, i, 902) from the 
Z-pinene of the ethereal oil of the Siberian fir j (2) pinene nitrol- 
piperidine (compare Wallach, Abstr., 1888, 1098). T. H. P, 


Conversion of Pulegone into Menthenes. Karl Auwkrs (Ber., 
1909, 42, 4895 — 4907). — 3-Chloroisoterpinolene (from pulegone), when 
reduced with sodium and amyl alcohol, yields, not the expected w- 
terpinolene, hut a mixture of A 3 - and A 4<8 ’-menthene. Hence this 
reduction forms an exception to the general rule regarding the 
addition of hydrogen to conjugated double linkings. B. V”. S. 


Matico Leaves and Matico Oils. Hermann Tiioms (Arch. 
Pharm., 1909, 247, 591— 612).— Commercial matico oils rarely have 
the same or a similar composition, because they are prepared from 
various kinds of Piper, the constituents of which vary considerably. 
The author has prepared and examined matico oils from botanically 
individual leaf-material. Japan camphor and borneol, hitherto un- 
detected in matico oils, have been discovered in the oil from 
camphoriferum. On the contrary, cineol, parsley apiole, asarone, an 
matico camphor, which have frequently been found in commerce 
oils, could not be detected by the author in his oils, Pillapio e i 
present in particularly large amount in the oil from the eaves 
Piper acuti/olium var. 8ubvi7'basci/olium. 


The Essential Oil of Hyacinths. O. J. Exklaau 
Wtekblad, 1910,7, 1-11).— When distilled at 10 mm. pressure, 
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essential oil of hyacinths yields three fractions, distilling respectively 
below 90°, at 92-‘—94°, and between 94° and 150°. The first fraction 
contains a very volatile substance of disagreeable odour. When 
evaporated over concentrated sulphuric acid, it develops a red colour. 
The second fraction contains an unknown substance of powerful odour, 
its formula being probably C 16 H 20 O. It has b. p. 205— 206°/760 mm., 
D 15 0-907, < 6 1-4914, and forms 50% of the oil The third fraction co&; 
tains benzyl benzoate and other esters (20% of the oil), an unknown 
fluorescent substance which is free from nitrogen (5%), and benzyl 
alcohol with other primary alcohols (1%). A. J, W! 

Decomposition of Amygdalin. Karl Feist (Arch. Pharm., 1 909, 
247, 542 — 545. Compare Abstr., 1909, i, 589). — The synthetic pro- 
duction of tf-benzaldehydecyanohydrin by the action of einulsin on 
benzaldehyde and hydrogen cyanide is a more rapid process, according 
to Auld (Trans., 1909, 95, 927), than its formation by the decom- 
position of amygdalin by emulsin, thus indicating that its formation 
in the latter reaction is due to a secondary and not to a primary 
roaction. Since these results are exactly the reverse of those obtained 
previously by the author, he has repeated his experiments without 
adding dextrose, and confirms Anld’s results. The emulsin used was 
obtained from Kahlbaum, that in the former experiments from 
Schuchardt, Since Rosenfchaler (Abstr., 1908, i, 817) has shown that 
emulsin contains a hydrolysing and also a synthesising enzyme, the 
discrepancy between the author’s two series of experiments is attributed 
to the fact that Kahlbaum's emulsin contains a preponderance of the 
synthesising enzyme, and Sehuchardt’s of the hydrolysing enzyme. 

The author still maintains, however, that <i-benzaIdehydecyanohydrin 
is a primary product of the decomposition of amygdalin by emulsin, 
because emulsin, freed from tho synthesising enzyme by Rosenthaler’s 
method (Abstr., 1909, i, 622), acting on amygdalin and also on a 
mixture of benzaldehyde and hydrogen cyanide, produces in the former 
case a slightly dextrorotatory solution, whilst in the latter the solu- 
tion remains inactive. Moreover, Walker aud Krieble have shown 
that the decomposition of amygdalin by sulphuric acid yields dextrose 
and benzaldehydecyanohydrin (Trans,, 1909, 95, 1 369), and the author 
finds that when amygdalin is treated with 2-77Wsulphuric acid for 
three hours at 98° and extracted with benzene, the solution, although 
dark coloured, is distinctly dextrorotatory. C. S. 

Crystalline Chitosan Sulphate. Emil Lowy (. Biochem . Zeitsch. t 
1909, 23, 47 — 60). — The chitosan was prepared from the shells of 
Nephrops noi'vegicus , from the chitin of which the chitosan was 
obtained by heating at 170 — 180° with potassium hydroxide. The 
hydrochloride, hydrobromide, and aulphate were prepared by allowing 
hot solutions of the chitosan in the respective acids to cool. The 
concentration of the acids must bo fairly high, as the chitosan is 
readily soluble in dilute acids. The salts were obtained crystalline. 
The analyses of the sulphate correspond with the formula 
C a8 H M 0 19 N 4 (H a S0 4 ) 3 . 

It can form additiye products with bromine and iodine, taking up the 
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halogen in the proportion of one chlorine or bromine at >m to two f 
nitrogen. It yields on hydrolysis (the products of which 
quantitatively estimated) glucosamine and acetic acid, and it 1 
assumed that the chitosan is a polymeric form of monoacetyldigl QC0 ^ 
amine, and that the hydrolysis can Be represented by the equation 
(C 28 H 50 O 19 tf 4 )* + 5sH s O = MC,H 13 0 5 N) + 2*(CH 8 *C0 2 H). ' : 

■ s. IS. B, 

Formation of Phlobaphens. Maximilian Njerenstfjx and 
T. A. Webster ( Collegium , 1909, 337 — 341). — Mangrove tannin ig 
oxidised by oxygen, hydrogen peroxide, or potassium persulphate 
solution, yielding phlobaphens. The phlobaphen formed when oxygen 
is used, gave anthracene when distilled with zinc dust (comp^e 
Abstr., 1908, i, 40). The hydrogen peroxide oxidation product gave 
diphenylmethane when distilled with zinc, and the phlobaphen 
obtained by oxidising the tannin with an acetic acid solution of 
potassium persulphate in the presence of sulphuric acid, gave anthracene 
when distilled with zinc dust. The latter compound is termed 
fi- phlobaphen, and the product which yields diphenylmethane, a-phloba.- 
phen. The a compound when boiled with dilute sulphuric acid yields 
the /3-dcrivative. It is probable that this conversion is accompanied 
by the elimination of water and the formation of an anthraquinone 
skeleton. J. J. S. 


Constituents of the Rhizome of Imperatoria. Jomras 
Herzog and D. Kroiin (JrcA. Pharm ., 1909, 247, 553—591).— The 
paper deals with a comparative examination of the crystalline con* 
stituents of the rhizomes of Imperatoria and Fenced tmum. Earlier 
workers have shown tint the latter contains peucedanin and oxy 
peucedanin (Schmidt, Abstr., 1899, i, 377), whilst the former contains} 
ostruthin, oxy peucedanin, but not peucedanin (Gorup-Be?anez, Abstr., 

1874, 907; 1877, 717 ; Jassoy, Abstr., 1890, 1154). Oxypeucedanin 
has only once been found in the rhizome of Imperatoria (Ileut, Abstr., 

1875, 772), and then in such small amount that its identity with the 
oxypeucedanin of Pencedanum has not been certainly established. 

Using their former method (Ab»ti\, 1908, ii, 978), the authors 
extract the rhizomes of Imperatoria with boiling benzene, concentrate 
the extract, and treat it with light petroleum, whereby a viscous mass 
is separated which soon becomes crystalline. The mass is treated wit 
ether, and the oxypeucedanin thus obtained is recrystallised succcsswdy 
from acetone, alcohol, and chloroform, and then has in. p. J ’ 

the mother liquor after fourteen days has deposited a new su s ance, 
ostruthol, m. p. 134-134-5°, which depresses the m. p ■ ot 0X J' 
peucedanin and docs not form an additive compound with 
chloride. The benzene-light petroleum solution contains another n 
substance, osthol, m. p. 83 — 84°, arid ostruthin. The ^ aS ^ ne “ , , 
substance is better isolated from the rhizome by the alco o 
recommended by Gorup-Besanez and Jassoy. 1.3. 

The percentage yields of these substances are : oxypeu.ee ^ 


ostruthol, 0*3; osthol, 0*1; ostruthin, 0 5. Young twoy . w 
rhizomes of Pencedanum , extracted by the benzene pioce&s, y 1 
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of peueedanin and 0*3% of oxypeucediuiin, whilst old roots yield 2 5 
and 0'5% respectively of the two substances. These figures refute the 
current view of the formation of the oxypeucedauin, for since the 
percentage of both peueedanin and oxypeucedauin in old rhizomes is 
greater than in young roots, the latter cannot be produced by 
oxidation at the expense of the former. The oxypeucedanin from 
Imperatoria is shown to be identical with that from Feucedanum by a 
mixed m. p. determination and by a comparison of the hydrogen 
chloride additive compounds. 

Being able to obtain oxypeucedanin in comparatively large quantities, 
the authors have examined its properties more fully than previous 
investigators. It is optically inactive, and has m. p. 142 — 142*5°. 
The analytical data point to the formula C] 3 H 10 0 4 , which is confirmed 
by a determination of the molecular weight, in glacial acetic acid and 
in benzene by the ebullioscopic method. By passing hydrogen 
chloride into a concentrated alcoholic solution at 0° and then slowly 
adding a large amount of water, a white, crystalline substance, m. p. 
155‘5 — 157°, is obtained, the analysis of which points to the formula 
C 30 H 34 O n Cl 2 , but the authors regard the substance as an additive 
compound of C 13 H 12 0 4 , the discrepancy being attributed to the ready 
loss of hydrogen chloride. Boiling 10% sulphuric acid changes 
oxypeucedanin into an isomeric substance , C 13 H 12 0 4 , m. p. 144 — 145*5°, 
which does not form an additive compound with hydrogen chloride. 
By treating oxypeucedanin with boiling 1% oxalic acid, a hydrated 
product, C l3 E 14 0 5 , m. p. 132 — 133°, is obtained, which forms yellow 
crystals, and has a molecular weight in boiling glacial acetic acid corre- 
sponding with its formula. It readily loses water by treatment with 
38% hydrochloric acid, yielding the isomcride of oxypeucedanin, m. p. 
144 — 145*5°, which is also produced by the action of zinc and boiling 
acetic acid on the hydrogen chloride additive compound of oxy- 
peucedauin. The hydrated product forms a yellow acetyl derivative , 
C 15 H ie 0 6 , m. p. 155*5 — 156*5°, and a pkenylurethane , C 20 H lfl O 0 N, 
m. p. 170 — 170'5°, from both of which the hydrated product can be 
regenerated by the action of alcoholic potassium hydroxide and 
alcoholic ammonia respectively. Oxypeucedauin in acetone is 
reduced by aluminium amalgam, yielding a mixture which is 
separable by alcohol; the less soluble constituent, m. p. 203 — 205°, 
has a molecular weight in boiling acetic acid corresponding with 
the formula (C 13 H ia 0 4 ) 2 , a result suggesting that oxypeucedanin. 
is an unsaturated lactone. This conception is supported by the 
behaviour of oxypeucedanin with alkali hydroxides ; with excess 
of alkali, it gives in aqueous-alcoholic solution yellow salts, which 
decompose at the ordinary temperature in neutral or faintly alkaline 
solution. 

The authors confirm Jassoy’s formula, for ostruthin by 

analysis, by titration with acid and alkali, and by a Zeisel estimation 
of the ester , C 18 H l3 0 s *C0. 2 Me, m. p. 64—65°, obtained by the inter- 
action of methyl chloroforraate aud a strongly cooled solution of an 
alkali salt of ostruthin. 

Osthol , C l5 K 16 O s> m. p. 83 — 84°, forms long, white crystals, and 
contains one methoxy-group. la alcoholic solution, it yields with 
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hydrogen chloride an additive compound, Ci 5 H 16 O g ,HOI, ^ 

99 - 5 — 100°. In aqueous alcohol, it behaves with alkali hydroxide 
very much like oxypeucedanin, its salts in neutral or faintly alkali^ 
solution decomposing into free alkali and osthol, which, therefore ig 
probably a lactone. 

Osthruthol crystallises in white needles, m. p. 134 — 134*5°, andfroo 
the analytical data and the determination of its molecular weight in 
boiling benzene or methyl alcohol, has the composition (C 3 H 3 0 ) g . Jt s 
behaviour with alkali hydroxides is similar to that of oxypeucgj^ 
and osthol, the yellow solutions of the salts being decomposed bv 
carbon dioxide. Osthruthol is probably a lactone. (J. g 

Rhein. Otto A. Oesterle and G. Riat (Arch. Pharm., 1909,241 
527— 534).— Rhein, the formula of which now appears to be established 
beyond doubt as C 15 H 8 0 6 , yields a dark red, crystalline potassium 
derivative, C,.H ft 0 fl K 2 ,9H ( ,0, and a propionate , 

C 15 H 6 0 4 (0-C0*CH 2 -CH 8 ) 2 , 

in. p. 223—224°. 

Farbwerke vorm. Meister, Lucius und Briining (D.B.-P. 158277) have 
shown that ethyl chloroacetate reacts easily with anthraquinone deriv- 
atives containing hydroxyl groups in the /3-position, yielding others of 
ethyl glycollate. When the potassium derivative of rhein is boiled from 
seventeen to eighteen hours with ethyl chloroacetate, a golden-yellow, 
crystalline substaiice, C 2 3 lL 2 () O 10 , m. p. 153—154°, is obtained, containing 
two ethyl glycollate residues. Since, however, the substance yields an 
acetyl derivative, m. p. 179—180°, in the usual way, the ethyl 
glycollate groups cannot have entered both the phenolic hydroxyl 
groups in rhein : one must be present in a hydroxyl group in a side- 
chain. The authors were proving that this hydroxyl group is present 
as a carboxyl group when Robinson and Simonsen s paper appeared 
(Trans., 1909, 95, 1085), in which rhein is shown to be a dihydroxy- 
authraquinonecarboxylic acid. The behaviour of rhein with ethyl 
chloroacetate is in accordance with the probability that rhein is 
a derivative of chrysazin (Abstr,, 1909, i, 946). C, S. 

Chlorophyll. VIII. Degradation of Chlorophyll by Alkalis. 
Richard Willstattkk and Hermann Fritzsche ( Annalen ., 1910,371, 
33—124. Compare this vol., ii, 150).— The present investigation 
on the products formed successively by the action of alkalis on 
chlorophyll is mainly an amplification of the work of Willstatter ana 
Pfannenstiel on rhodophyllin (compare Abstr., 1908, i, 198). $ 

chlorophylls are derivatives of a tricarboxylic acid ; cry&ta me 
chlorophyll contains two carbmethoxy-groups, whilst tbe amorp oos 
compound contains only one carbmethoxy-group and one pj 
residue. Crystalline chlorophyll, when hydrolysed, yields a tri- 
carboxylic acid (chlorophylliu), which is acted on by methyl su p > 
yielding the corresponding trimethyl ester, a substance ar 
soluble than chlorophyll and very similar in composition and proper 
to the compound formed by the prolonged action of methyl » 
chlorophyll. Amorphous chlorophyll^ which cannot 0 
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tirely free from impurities, when hydrolysed and subsequently 
^ethylated yields a trimethyl ester identical with that derived from 
^vstalline chlorophyll ; this ester when treated with potassium, hydr- 
oxide is converted into the potassium salt of chlorophyllin, identical 
with the salt • prepared directly from crystalline chlorophyll. The 
various preparations of the trimethyl ester contain two distinct sub- 
stances : a blue compound and a green compound soluble with diffi- 
culty, which are separated by fractional precipitation and are similar 

The Action of alkalis on chlorophyll at 100 — 200° leads to the 
formation of two dicarboxylic acids, glaucophyllin and rhodophyllin, 
which are very similar both in chemical and physical properties, 
and can be separated only by the difference in their acidic properties. 

The formation of rhodophyllin at 200° is accompanied by that of a 
monoearboxylic acid, phyllophyllin, whilst a second monoearboxylic 
acid pyrrophyllin, is formed at 225—240° ; the two compounds just 
mentioned are extremely similar, both chemically and optically ; 
nhyllophyllin is distinguished, however, by the solubility of the alkali 
Ld alkaline earth salts in ether. The monoearboxylic acids are less 
acidic than the dicarboxylic acids ; thus, rhodophyllin may be separated 
from them by means of dilute ammonium hydroxide, in which phyllo 
rhyllin and pyrrophyllin are insoluble. _ 

* The phyllins are converted by acids into the corresponding 
porphyrins, compounds which do not contain magnesium. In ordei 
to emphasise this relationship between phyllins and porphyrms, it is 
proposed to change the name of the compound derived from rhodo- 
phyllin from aZ^oporphyrin into rhodoporphynn (compare \V illstatter 

and Pfannenstiel, loc. cit.). , , . , . 

The dicarboxylic acids, glaucoporphyrin and rhodoporphynn, are 
well-defined, crystalline compounds, soluble with difficulty and ex- 
tremely similar in chemical properties; rhodoporphynn is not identical 
with Tschirch’s phyllopurpuric acid, as suggested by Marchlewski 
(compare Abstr., 1908, i, 357). The monoearboxylic porphyrms 
phylloporphyrin and pyrroporphynn, resemble one another so close y 
that it is difficult to decide which of thorn corresponds with the sub- 
stance described hitherto as phylloporphyrin, although it is very 
probable that the more basic of the two compounds (phylloporphy i ) 
is identical with the phylloporphyrin described by Marchlewski 
recently {loc. cit.) ; tho phylloporphyrin of previous investigators was 
undoubtedly contaminated with other porphyrins. : a 

The analysis of the complox substances described in this 
rendered difficult owing to the stability of the compounds which they 
; form with ether ; however, from the results obtained it appears that 
the complex [C 31 H 34 N 4 Mg] is common to the phyllins, one, two and 
three atoms of hydrogen being replaced by carboxyl in pyrrop y 
and phyllophyllin, glaucophyllin and rhodophyllin, chl ®^? h / d n> f ! o 
the chlorophyllms respectively. Tho porphyrms are derived from 

; the common nucleus [C 31 U 3g N 4 ] in a similar manner. 

As a result of the study of the phyllin esters and salts ’ 
of those containing only one carboxyl group, i o ° ws derivatives 
does not take part in tho formation of the complex in 
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of chlorophyll, and that only the groups containing nitrogen 
available for attachment to the magnesium atom ; the centre of 
complex may be represented by (I). Applying the same argmn eQtiJ • 
the case of hsemin, it follows that the iron in haemin derivatives j, 
combined in the manner indicated hy (II) (compare Piloty andMerj. 
bacher, Abstr,, 1909, i, 857) : 
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I. PnYLLiNS.— Potassium chlorophyllin is a bluish-green powder, 
analyses of which indicate the atomic proportions N 4 :O*9()Mg:2 60K; 
when treated with methyl sulphate, it yields a mixture of twoc/ifo*. 
phyllin trimethyl esters; the more soluble ester is a bluish-black, micro- 
pcopic, crystalline powder, whilst the less soluble is a pale green 
powder. Both esters are decomposed by oxalic acid with the elimina- 
tion of magnesium and formation of crystalline products containing 
oxalate; the solutions of the derivatives from the green and bine 
esters in chloroform are olive-brown and olive-green respectively. 

Glaucopkyllin , C 33 II 34 0 4 N 4 Mg, prepared by the action, of a con- 
centrated methyl-alcoholic solution of potassium hydroxide on chloro- 
phyllin uoder pressure at a temperature not exceeding 140°, is purified 
by extracting the ethereal solution of the crude material with 0*004"4 
ammonia, treating the aqueous solution with sodium dihydrogen 
phosphate, extracting with ethor, and shaking the ethereal solution 
with a 0 02— 0*05% solution of disodium hydrogen phosphate, in which 
slaucophyilin is insoluble ; it crystallises in small, glistening prisms, 
which are green by transmitted light and greyish-blue by reflected 
light and forms violet-blue solutions with an intense red fluorescence; 
the potassium salt,. C 31 H i2 N 4 Mg(C0 8 K). 2 , crystallises in microscopic, 
slender, violet prisms. Glaucophyllin is converted by alcoholic 
potassium hydroxide under pressure at 195—200° into rhodophyllin. 

Ehodophyllin forms a complex potassium salt, 
C 33 H 32 0 4 N 4 MgK 2 ,K0Kt; 

the normal potassium salt when treated with methyl sulphato yields 
the dimethyl ester, C !fl H 3S 0 4 N 4 Mg, which crystallises m glistening 
prisms with a violet reflex and sinters at 310 . 

Pyrropkyllin, C„H M 0,N 4 Mg, is best prepared by the action o 
alcoholic potassium hydroxide on rhodophyllin under pressure 
225—230°; it crystallises in tufts of glistening plates, which a 
steel-blue or greyish-blue with a red tinge; recrystallisation f 
ether decreased the solubility of the compound without altenDg h 
composition ; tbo ethereal solution at the same time j. “ L 

to red ; the substance crystallises from absolute ethe 
reddish-violet prisms. The pyridine -Itcrystalhs^ 
violet leaflets ; the potassium salt, j £orm9 

short, dark red prisms ; the calcium salt, (0 S gH 33 0 2 N 4 Mg) 3 > 
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email, pale red needles; the ammonium salt forms brilliant red 
needles j the sodium salt crystallises in pale violet needles. 

PhyU&phyllin is formed in large quantity by the action of a methyl- 
alcoholic solution of potassium hydroxide on amorphous chlorophyll 
under pressure at 225 — 230° ; it has not been isolated in a crystalline 
form, since it decomposes very readily ; tho ethereal solution is bluish- 
red with a red fluorescence ; the caesium salt, C 31 H 33 N 4 Mg*C0 2 Cs, 
crystallises in compact, glistening, bluish-violet prisms ; the potassium 
salt (1H 2 0) forms glistening, violet prisms; tho calcium salt crystal- 
lises in bright red needles ; the magnesium salt forms glistening, 
slender needles. 

II. Porphyrins. — Glaucoporphyrin, C 83 H 36 0 4 N 4I crystallises in 
reddish-violet, microscopic needles; it sinters at -270° and is com- 
pletely decomposed at 290—295° ; the potassium salt, 
C 31 H 34 N 4 (C0 2 K) 2 ,4H,0 ) 

crystallises in slender, pale brown leaflets ; the complex salt with zinc 
acetate crystallises in glistening, violet prisms. 

ithodoporphyrin forms with zinc acetate an additive compound , 
crystallising in red needles, and with ferric chloride in glacial acetic 
acid a complex iron compound, obtained as a greyish-black, crystalline 
powder; the dimethyl ester, C 31 H S4 N 4 (C0 2 Me) 2 , crystallises in 
glistening, reddish-brown prisms with a coppery reflfex. 

Pyrroporpkyrin, C 32 H 36 0 2 N 4 , crystallises in dark red, truncated 
prisms with a violet, metallic reflex ; the solution in glacial acetic acid 
is red with a slight blue tinge. The kydrockloride t C 32 H 3fi 0 2 N 4 ,2HCl, 
crystallises in brown, slender, pointed prisms ; the hydrochloride , 
C 32 H 3fl 0 2 N 4 ,3HCl, forms glistening, rhomboidal leaflets, which are 
brownish-red by transmitted light, violet by reflected light; the 
potassium salt, C 31 H 35 N 4 *C0 2 K, crystallises in reddish-brown prisms 
and rhomboidal leaflets ; the magnesium salt was analysed ; the methyl 
ester, C 31 H 35 N 4 *C0 2 Me, crystallises in long prisms ; the acetyl com- 
pound, CjjHagN^COgAc, prepared by the action of hot acetic 
anhydride on pyroporphyrin, crystallises in rhomboidal leaflets and 
long prisms, which are red by transmitted light. 

Phylloporphyiin crystallises in dark red, pointed prisms with a 
violet, metallic reflex ; the solution in glacial acetic acid is dark violet- 
red ; the hydrochloride, C 32 H 80 O 2 N 4 ,3H(JI, crystallises in glistening, 
violet, four-sided prisms ; the magnesium salt, (CggH^C^N^Mg, is a 
brownish-red powder. The ‘compound described by Schunck and 
Mar chle wski as a zinc salt is a complex zinc compound. 

The absorption spectra of alcoholic and ethereal solutions of glauco- 
phyllin, pyrrophyllin ; pbyllophyllin, pyrroporpliyrin, and phyllo- 
porphyrio, and of the hydrochlorides of the last two substances have 
been measured and are represented graphically. W, H. G. 

The Tanning Process. Johann von Sciirokder ( Kolloidchem . 
Beihe/te, 1909, 1, 1 — 57). — The quantity of tannic acid adsorbed by 
unit weight of hide-powder is approximately constant ; the amount 
which can be washed out again is less the longer the two have remained 
in contact. Water plays a certain part in the process, for hide-powder 
takes up no tannin from an alcoholic solution. A preliminary 
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treatment of. the powder with formaldehyde largely prevents th 
subsequent adsorption of tannic acid. Gelatin resembles hide-powd * 
in its relationship to tannic acid, if due allowance is made for ^ 
differences of physical condition of the two former substances umfo 
the circumstances of the experiment. G. ^ ^ 

Constitution of Hydroxy methylfurfuraldehyde. T 

Blanksma (Chem. Weekblad , 1909, 6, 1047— 1053. Compare 

Kiermayer, Abstr., 1896, i, 144 ; Fenton and Robinson, Trans,, ](}{)<} 
95, 1334).— Hydroxy methylfurfuraldehyde is formed by dehydration 

, , CH C(COH)^ 

of chitose, and is the aldehyde, .OH)'''* 0 ’ corresponding 

with 2-h y d roxym ethy If uran-5 -carboxylic acid, not with 4-hydroxv-2- 
methy If uran-5 -carboxylic acid, as supposed by Kiermayer. Jhe 
small proportion of furfuraldehyde obtained by heating certain 
pentoses is attributed to the partial decomposition of the hydroxy- 
metbylfurfuraldehyde first formed. A. J. W. 

Substituted Rhodanie Acids and their Aldehyde Conden- 
sation Products. VIII. Ludwig Kaluza (Monatnh., 1909, 30, 
701 — 726. Compare Andreaseh, Abstr., 1908, i, 683, 684).— Rhodanie 
acids have been prepared from d. cumidine and rsobexylamine. 

CS" s 

3 -iji-Cumylrhodanic acid , C 6 H 2 Me 3 , N<[£Q , is obtained in the 

form of an oil from the corresponding ester, ethyl ^-cumyldithio- 
carbarn acetate, CflHjMOjj’NH'CS'S’CHj'COgEt, which is formed by 
the interaction of ethyl chloroacotate and ammonium curoyldithio- 
carbamate, and crystallises in short, transparent prisms, m. p. 84°. 
5-Benzylidene-‘S-i}/-cumylrhodanic acid , 

C 6 H 2 Me 3 *N< C0 .^ ;CHpii , 

prepared by condensation with benzaldehyde, is a citron-yellow oil, 
crystallising in citron-yellow needles, in. p. 127°. 

5-mp-3fethylenedioxybenzylidene- 3-tp-cum ylrhodanic acid , similarly 
prepared by condensation with piperonal, is a coarse, chrome-yellow 
powder, consisting of prismatic needles, in. p. 188°. 

b-m-Nitvobenzylidene-S-ty-cumylrhodanic acid forms a sulphur-yellow, 
crystalline powder, m. p. 224°. The corresponding &-y-nitrobenzyl- 
idme-S^cumylrhodanic acid is a dark yellow powder, which becomes 
brown at 190°, sinters at 200% m. p. 230°. 

'j-p-DimethylaminobenzylideneS-ip-cu'niylr/iodanic acid forms splendid 
blood-red, stout needles, m. p. 192°. The alcoholic solution is a deep 
chrome-yellow when dilute, blood-red when concentrated. 

5‘p-Methoxybenzylidene-3 ^-cumylrhodanic acid forms glistening, 
chrome-yellow, microscopic prisms, m. p. 174°. 

isollexylamine isofiexyldithiocarbamate, C 6 H ls , NII , CS*S’hiH 8 
prepared by the interaction of isohexylamine and carbon disulphide, 
forms colourless, regular, prismatic crystals, m. p. 85°. It reaCS 
with ethyl monochloroacetate, forming 3-iso hexylrlmlanic acid , 

a clear, fluid, transparent, light yellow oil, b, p. 199 — 200°/ 11 mm. 
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no_o 

S-BentyUdene-^i&ohexylrhodanicacid, C 6 H ls *N<[ n V , forms 

GO'C/.CHPn 

long, lustrous, bright yellow needles, m. p. 87°. 5-m *Nitro- 

lenzylidene-Z-i zahexylrhodanic acid crystalfises in light yellow, 
glistening plates, m. p, 166 — 167°. S-p-Nitrobeiizylidew-Z-isohexyl-- 
rhodanic acid is a brownish-yellow, microcrystalline powder, m d 
130-131°. < * 

5-w]i-Methylmedioxybenzylidene-3-is,oJiexi/lrhodanic acid. 

.cs-s 

6 ,3 ‘ < ^co-c:ch-c,h 3 <®>ch s , 

consists of golden-yellow, lustrous needles with a blue reflex, m, p. 
p8°. b-'p-Dimethylaminobenzylidene-i-isohexylrhadanic acid forms a 
matted mass of lustrous, red needles with a blue reflex, m. p. 1,40°, 
p-o-flydroxybenzylidene-S-i&Qkexylrhodanic acid crystallises in orange- 
yellow, short, matted needles, m. p. 170 — 172°. With sodium 

jhydroxide, bluish-red crystals of the sodium salt are formed. It dyes ? . 
brool and silk bright yellow. 

\ f)-y-Metkoxybenzylidene-3-i$o7texylrhodanic acid forms long, chrome- 
yellow, lustrous needles, m. p. 85°. 

b-Cinnamylene-S-isohexylrhodanic acid forms golden, crystalline 
masses, consisting of regular, rectangular, microscopic cubes, m. p. 
129—131°. 


iso Bexylthiocarbimule, SCiN*[CH 2 ] 3 *CHMe 2( prepared by the inter- 
action of ethyl chlorocarbamate and isohexylamine isohexylditbio- 
carbamate, is a faintly yellow-coloured, clear, mobile oil, with a not 
unpleasant odour, b. p. 120 — 121°/18 mm., 208 — 209°/760 mm. 
When treated with ammonia and alcohol, isohexyltfiiocarbamide , 

nh ? -cs-nh-o 6 h 13 , 

is formed, crystallising in thin, rectangular plates, m. p. 62°, of fatty 
lustre. Diisohexylthiocarbamide, CS(NH*C fl Hj g ) 2 , forms thin, silvery - 
glisteniug, rhombic plates, m. p. 46°. 


N/C H )*CO 

iso/7 exylthioparabanic add, CS<^g. 6 13 prepared by the 

interaction of tsohexylthiocarbamide and cyanogen, crystallises in 
light yellow, thin plates, xa. p. 110°. By the action, of silver nitrate 

it is converted into imhexylparabanic acid, C 0<^ ^(^ 6 ^ 13 ) 


which forms long, colourless, silky, matted needles, m. p. 76°. 
Dusohexylthioparabanic acid crystallises in long, flat, citron-yellow 
needles, m. p, 40°. Diisohexylparabanic acid was only obtained in 
the form of a syrup. E. F. A, 


Additive Products of Halogen Acetamide with Atropine. 
Alfred Einiioen and Maximilian Gottlek ( Ber 1909, 42, 
4853 — 4854). — The additive product of atropine with bromoaceto- 
nitrile has been shown by Braun (Absfcr,, 1908, i, 675) to have lost 
the specific pharmacological action of atropine , this is not, however, 
the case as regards the compounds with the halogen acetamides. 

A tropinechloroacGtajmd-e forms a floeculent precipitate of lustrous 
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plates, m. p. 204—205° (decomp.). Atropintbromoacdamvle 

bunches of matted needles, m. p. 204—205 ; 

forms an indefinitely crystalline aggregate, m. p. 203 204 (deconmi 

E.P.A. 

Caffeine. A. J. Ult*e (Ckem. Weehblad 1910 7 32-34)_ 
Additive products of caffeine with pyrogftllol and phloroglucinol 
respectively have been prepared ; they contain eqmmolecular proportion 
' of their constituents. Caff tine-pyrogallol, C 8 H 10 O 2 N 4 ,G ( .H 

forms acicnlar crystals, m. p. 70°. The water of crystallise j 
given off in a vacuum desiccator over sulphuric acid. Ihe whole of 
caffeine can be extracted by chloroform. 

Caffeine-phlm'oglucinol C 8 H 10 O 2 N 4 ,C 6 H 0 O 3 ,2H 2 O, forms ill-defined 
crystals, ro. p. about 185 . . «. . , ,, 

Theobromine is rapidly converted into caffeine by the action of 

methyl sulphate. A. .J. W, 

Action of Grignard’s Solutions on /J-Cinchonine- and fi. 
Quinine ethiodides. Martin Freund and Fritz Mater (Be r, 1909, 

42 4724 4728). —The 0-ethiodide of cinchonine (Skraup and Norwall, 

Abstr ^ 1894, i, 391) has a constitution analogous to that of quinoline 
methiodide and reacts with Grignard’s reagent in much the same 
manner, yielding 1 : 2-diethyl- 1 : 2-dihydrocinchoiune and 2-phenjl-l- 

... . Quinine 


» * - G(C in H 

ethyl-1 : 2 -dihydrocinchonine, C t5 H 4 <. NKt . CH p^ t ^rFh)'' 

B- methiodide reacts in the same manner. 

1 • 2-Diethyl-\ : l-dikydrocinchomne, C, 3 H 3 .,ON 2 , crystallises from 
alcohol in needles, which sinter at 173° and are completely molten at 
187° Its salts do not crystallise, and the yield of the base is poor. 

%Phenyl-\ -ethyl : 2*dikydrocinchonine , C 2 -H g . : ONo, crystallises from 
dilute alcohol in slender needles, and has in. p. 135° after softening it 
120° The hydriodule, C„H M ON^HI, crystallises in plata, 
decompose at 203°. The corresponding hydrochloride and hydrobmmU 

ha TheT<>^ ar c d i H 8 AN 2 , obtained from qninine-^thiodide and 
ethyl magnesium bromide, could not be obtained in a cryst&llme form. 
Th^ physiological properties of the products have been studied. ^ 

Action of Chloroform on 2 : 5 Dimethylpyrrole. Owm 
Piascher and U. PoNTt (Atti K. Aeead , Lincei, 1309, [vj, 18, , 

^69— 474) The action of chloroform on 2 : 5 -dimethylpyr* ai 

presence of alcoholic potassium hydroxide yields : 54,i«ethj yrmk 
3-aldehyde, 2-(or 3.)dichloromethyl-2 : 5-drmethylpy. r <>^nme and 
3-chloro 2 : 6-dimetbylpyridine (compare Bocchi, Abst.., \M>, 

v.T/ 0le *V CRt> forms colour^ 

2 : 5-DiuietkylpyrTole-o-aldehyde, IN > 

... flll _ n , 144 J and does not reduce 

scales or mammillary crj**Uls ( in. {>■ 1 > n ay form* 

Fehling’s solution. Its ^Urophnylhydra.one, m 

garnet-red crystals with metallic lustre, • P- 
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■fi oapbthylamine {i;; mol.) anil pyruvic acid (1 mol.) in alcoholic 
solution,. the . aldehyde (1 mol.) gives tho corresponding naphtha- 
P- 267°. 

: 2 : 5‘-l)irnethyl-($)-dicMorornetfiylpymoUiiiiie t N<^ 6 R® op 

^CMe(CHCU*CH 

; .OMe'CH . _ ... 

> 18 a heavy, colourless liquid having a basic odour 

resembling that of burnt almonds, and yields a picrate, 

f . C 7 H 9 NC1„C 6 H 3 0 ? N 3 , 

separating in pale yellow, rhombic scales, m. p. 144°. T. H. P. 


f Constitution of Haemopyrrole and of Hsemopyrrole- 
carboxylio Acid. Oscar Piloty and E. Quitmanx (7ier., 1909, 42, 
►4693 — 4703). — Pure haemopyrrole can be obtained by carefully 
fractionating the crude product prepared by the method described 
previously (Abstr., 1909, i, 539). It has b. p. 114— 115°/35 mm,;; 
bn. p. 39°, and forms flat, quadratic plates. When fused, it forms 
a colourless oil with a pale fluorescence. The potassium derivative 
forms a colourless, crystalline powder, and the picrate has in. p. 108 5°. 
^The constitution of hfemopyrrole has been settled by the action of 
nitrous acid. 2 : 4-Diinethylpyrrole (Knorr, Abstr., 1884, 1368), when, 
treated with nitrous acid, yields the oxime of citraconimide, the 
2-methyl group being eliminated. Pure hsemopyrrole and nitrous 
acid yield the oxime of methylethylmaleinimide, and ns in this 
reaction a 2-methyl group is probably eliminated, hsemopyrrole 
should be a dimethylethyl pyrrole : 

w J3Me : CMe xtu . XH=CMc 

< 'CH=CKt or ^^CMelCEt 
1 2 : 5-Diinethylpyrrole {Paal, Abstr., 1885, 1206; Knorr, ibid., 995) 
;and nitrous acid yield the dioxime of dimethyltetraketone, 

[ COMe*C{:N , OH)*C(:K*OH)’COMe 

(compare Thai, Abstr., 1892, 1074). 

Metbylethylraaleinimidemonoxime, 

C ( :N-OH).CMe CO CMe 

'-CO CEt 0(:N*OII)’CEt’ 

crystallises from water in colourless prisms, and has m. p. 201°. It is 
identical with the compound described previously (Abstr., 1909, i, 539) 
as melting at 206 — 207°. When hydrolysed with dilute sulphuric 
acid it yields methylethylmaleinimide. ^ 

CO CMe «. 

Citraconimidemonoxime, NH<f r . U I¥ , forms small, colourless 

prisms, m. p. 223 — 224°, and when hydrolysed yields citraconic acid. 

The oxime of h&matic acid ( loc . cit ,, 540) when hydrolysed yields 
haematic acid. 

It has not been found possible to decompose hsemopyrrole by means 
of hydroxylamine, although both 2 : 4- and 2 : 5-dimethylpyrroles are 
decomposed by this reagent (Ciamician and Zanetti, Abstr., 1890, 264, 
1155). 

A number of products are formed by reducing hsema^gporphyrin 

VOL. XOVIII. i. 
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with liydriodic acid and phosphorus : . among these is a„ oil ^ 
low b p., which yields a,picrate, C, 4 H 18 0 ? N 3 , m. p. 145 . 

J. J. s. 

New Cinchonic Acid Syntheses. Robert ScniFr^/ie,.,!^ 

40 4918 Compare Borsche, Abstr., 1909, i, yJJ). A claim for 
■. ' 11 V S 

priority. ' 

Quinoline Derivatives. Alfred Einiiorn (Bet., 1903, 4 ^ 
4854— 4856).— fWith Bichard Feibelmann.J — Ethyl qumoliiui 
carloxylate hydrochloride is prepared by boiling a suspension of ft, 
hydrochloride of p-quiuolinecarboxylic acid in alcohol containing 
hydrogen chloride ; it crystallises in bunches of needles, m. p. 21(P 
(decomp.). The free acid forms matted needles, m p. uO 
The hydrochloride of diethyUwiinoethyl qmmlvnej-carboxyhitt, 
C 4 H 0 N-CO-O-CIIj-CH a -NEt ; ,,HCl ) 
nrenared by tho action of diethylaminoethanol on quinoline-S. 
carboxylic acid, is a faintly yellow-coloured, microerystallme substance, 

™ rWRUMAXiMiLtAX Guttler.] — Quinolimiodoacelamhle, 

1 C ? NH-I-C1I.,-C0-!S!H 2 

crystallises from water in lustrous, orange-huod, refractive plates, « 
from alcohol in yellow needles, decomp. 250"; the solution has agree, 
fluorescence. 

Action of Magnesium cycloHexyl Bromide on Telrmethyl- 
diaminobenzophenone. Andre Maul and Axmn Mliek M 
r. _ /th-im 1910 livl 7,28—31. Compare Abutr., fcM- 

The authors have repeated the experiments of Sehmidlio andEsder 
(Abstr., 1908, i, 1 63), and have succeeded m obtaining a small quantity 

of nxhhtxylidenetetrainethyldhtmi'iiodiiihenyhiielhaHe, 

3 C 4 H,„:C(C 0 U 4 , l'Ale 2 ) 2 , 

m This ^was^ ^obtained by treating an ethereal solution of mg 

nesium ei/cfohexyl bromide with tetramethyldianunobciizophenoneud 

in a mixture of acetone and ether, in which it •* J • * tj sciJ 
crystallises in bright yellow prisms, and when diseoued in aunc 
gives with mild oxidising agents, such as ^ 

blue coloration, resembling that similarly obtained > ^ ^ 

{ A b«tr 1909, i, 830) with the ^Oialk) 1 ilen\.u . 

diphenylethylene. Since this new substance gw* 
follows that the development of tins blue dye , ’ atom, 

supposed, to the spccilic inllueuce of a characte. istic ll > d, “? e A H . 
since this is absent in the new substance. 

Reaction of Nitrosoamides with Phe“ylhy^azme;^hRBi» 
Willstatter and Artuur Stoll (her., UUJ, J4 (more tho 

When nitrosoformanilide reacts with P 1 "?* , y s .f orB iylpbrayl 

2 mols.) jin benzene at 0 , nitrogen is evolved and «w ft 
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jydrazide is product#!. This is not an instance of the migration of an 
myl group, because nitrosoformo-p toluidido and phenylhydrazine also 
field s-formylphenylhydrazide, and nitrosoformanilide and p-bolylhydr- 
izine yield s-formyl-p-tolylhydrazide. The reaction consists, therefore, 
n an acylation of the hydrazine by the nitrosoacylamide, which thus is 
ijoii verted into a diazo-com pound ; this, reacting with a second mole- 
;ule of the hydrazine, forms a diazohydrazide, by the decomposition of 
svhicb nitrogen and an aromatic hydrocarbon are produced : 

(1) CHONPlrNO + NHPlrNH 2 = NHPlrNH-CHO + PhN^OH. 

(2) PhN 2 -OH + NIlPh*NH 2 = NH 2 -NPh- N 2 Ph + H.,0. 

(3) NH 2 *NPh-N 2 Ph = 2C 0 II ( . + 2N 2 . 

. The diazohydrazides can be isolated under suitable conditions, 
Nitrosoformanilide is very slowly introduced into a well-cooled dilute 
oenzene solution of phenylhydrazine, the formylphenylhydrazine is 
removed, and the last portions are precipitated by the addition of 
ight petroleum ; the filtrate is evaporated, whereby a residue of 
Jiazobenzenephenylhydrazide, w. p. 71°, is obtained. ^ 

In a similar way, phenylhydrazine reacts with nitrosoacetanilide, 
aitrosophenylcarbamide, and nitrosomethylurethane, forming s-neetyl- 
phenylbydrazide, phenylsemicarbazide, and ethyl phenylcarbazinate 
respectively. 

Other nitroso-compounds lose their nitroso-group by treatment with 
jhenylhydrazioe ; nitrosophenylurethane, nitrosobenzanilide, diphonyl- 
litrosoamine, and phenyletbylnitrosoamine are converted into phenyl- 
lrethane, benzanilide, diphenykmine, and phenylethylamino respect- 
vely ; nitrous oxide is evolved in the last two cases. 

Nitrosoformanilide and aniline in alcohol solution yield diazoamino- 
)enzene and formanilide, the reaction following a course similar to 
,he first-mentioned above. C. S. 

I New Phototropic Substances. II. Maurice Padoa and 
F. Graziani ( Atti A\ Accad. Lined , 1900, [vj, 18, ii, 559 — 564. 
pompare Abstr., 1909, i, 964). — The authors have obtained the 
following further results ; 

\ Oinnamaldehydephenylhydrazone, m. p. 171 y (Fischer, Abstr., 1884, 
llofl, found 1G8 C ), is slightly phototropic. 

- Piperonaldeliydephenylhydrazone, m. p. 106° (Rudolph, Abstr., 
1889, 251, found 102 — 103°), is not phototropic. 

y-Tolualdehydephenylkydrctzone, NHPh*NICH‘C 0 Il 4 Me, forms a 
jfellow, crystalline powder, m. p. 121°, and is feebly phototropic. 

; With the wi-tolylhydrazones, phototropy is observed, but less fre- 
quently and less intensely than with the p -tolylhydrazones ; the 
sor res ponding ortho-compounds are not phototropic. 

\ Benzaldehyde-m-tolyhydrazone, O fl H 4 Me*N s H!CHPh, separates in. 
Sender, whitish-yellow needles, m. p. 100°, and exhibits phototropic 
properties. 

. Anisaldehyde-m-tolylkydrazone, C,.H 4 M e * N 0 f I ! 0 H * C 0 H 4 * OMe , forms 
i yellow, crystalline powder, m. p. 1 1 1°, and is not phototropic. 

Cuminaldehyde-m-tolylkydrazone, C 6 H 4 Me*N. 2 H *CH* 0 6 H 4 ‘ GH Me.,, 
frystallises in yellowish-white needles, in. p. 136°, and is faintly 
>hototropic. 
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fjaii6B, » yftllow, crystalline powder, m. p. 131 , and is feebly p)^ 

f^Fipercmaldehyie-m-lolylhyiraMne, CeH^Me'NjH.CH-C^HjlOjlCH 
forms canary -yellow needles, m. p. 131°, and is faM photot,opi c ? 

■ ' p-Tolualdehyde-m-tolylkydrazone, C 6 H 4 M.e L ft H 4 Mc, separ- 

ates as an intensely yellow, crystalline powder, m. p. 121°, and * not 

^Benzaldehyde-o-tolylhydrazone becomes coloured in the air even in 

4be dark but much more slowly than is the case with a phototropie 
compound (compare Reutt and Pawlewski, Abstr., 1904, i, 99). Such 
Coloration appears to bo favoured by moisture. 

Anisaldeh i/de-o-tolylhydrazone crystallises in shining, white scales, 
Tip. p. 94°, and is not phototropic, but it softens in the air, giving 
I ultimately a dark red syrup. 

r Cuniinaldekyde-o-tolylhydrazone forms canary-yellow, shining scales, 

|b p 91°, and is not phototropic; it readily changes in the air, it* 
colour becoming red and its m. p. being lowered. 

Piperonahlehydeo-tolylkydrasone forms shining, yellow scales, m. , 
87°, and is not phototropic. , . , 

|fK- n~Tolualdehyde o-tolylhydrazon« crystallises in pale yellow scales, m.p. 
109°, and is not phototropic; it readily becomes red m the air, 
especially in moist air. ^ 

Synthesis of Polypeptides. XXXII. Derivatives of 
J-Proline and of Phenylalanine. Emil Fischer and Amhuus 
T iintak f Ber 190!) 42 4752—4759. Compare Bischer and Smnb, 
.S?1907'i, 771; Fischer and Reif, M. 1908, i, 1007).-l-ft# 

i -phenylalanine, JJ^CH-CO-NH-CH^,, I*** * 

condensing (-prolyl chloride with (-phenylalanine ethyl ester aj 
hydrolysing the resulting product with barium hydroxide .* .denhd 
with the dipeptide obtained by Osborne and Clapp (Absh, 1908, i 
1151 by the hydrolysis of gliadin with sulphuric acid. , , s 

The dipeptide is decomposed by pancreatin in a so um nx 
solution at 36° duriog the course of forty-e.ght hours, and J*. 

Cproline and (-phenylalanine. has als0 been prepare! 

I- Prolyl- d-pfanylalamne, 0 14 II ls O : jiSo,tl s U, .7-73° (corr,, 

synthetically ; it forms small, colourless prisms, has m P- l 
Limp.), is more soluble in water than the isomer.de, and 

bitter taste. dark blue, micro®?* 

The copper salt, h u H ri j. J.S. 

prisms. 

Aminopyrrolidone Derivatives from Memty^O ^ 

Aminolac tones from Diacetone Alcohol Absh, 

FaiEDiticn Bum ( Monatsh., 1909, 30, 7^9 * ^’he 4-metbyl- 

1908, i, 819, 829). — A continuation of prwoa • ^ ^ 
amino-1 : 2:2 : 4-dimethyl 5-pyrrolidone, m 

as a colourless, crystalline mass, m. p- » • F* 
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It reacts forming a colourless, amorphous 

! » ro ? w ^ C ® es < 0 H-CMe-NMe’ C H 2 -CH 2 -0H ;thisyields * char ' 

icteristic auritfdoride, C^H^N^HA uGi + + II 2 0, decomp. 167°! 
file compound forms an additive product with methyl iodide, which 
pas converted into the methochloride and analysed as the platini- 
pliloride, C 11 H 22 0 2 N 2 ,HCl,CH 3 Cl 1 PtCl 4 , which crystallises in oraDge 


tablets. 

^Ethylamino-2 : 2 : 3 -trimethy / - 1 • tlky l-§-pyrrolido ne, C n II. )S) ON 2 , i& 

l. viscid oil, b. p. 127 — 131°/13— 14 mm. The compound formed 
)n interaction with ethylene oxide did not crystallise or yield 
srystalline salts, but was analysed in the iovrn of the platinichloride of 
he methochloride, G^HggOgNjjJICljCHjjCl^tOl^. 

4-Ammo-5-keto-2 : 2 : 4-trimethyltetrahydrofuran forms a yellow 
oicrate , m. p. 145 — 146°. The picrate of the corresponding 4-methyl-, 
imino-compound crystallises in orange-yellow needles, m. p. 179 Q | 
The corresponding 4-dimethylamino-compound hash. p. 1 11°/1 1 mm.^ 
vnd yields a -picrate , m. p. 175°, crystallising in well-formed citroni 
yellow needles. 

A- Bthylamino-oketo-'2 : 2 : A-lrimethyltetrahydrofuran, synthesised* 
from diacetone alcohol, ethylamine hydrochloride, and potassiuuf 5 
cyanide, is a colourless, mobile liquid, b. p. 138 — 140°/15 mm. The 
phenylcarbamide , C-^H^C^NgS, forms a colourless, sandy powder, 

m. p. 168°. The lactone further interacts with nitrous acid, forming a 

ftfcroso-derivative, CMe 2 <^ 1 %T/*r/\\n, » which crystallises in 

^CH 2 *CMe‘N(NO)C l2 H & 1 

colourless needles, m. p. 67°. E. F. A. 


i 

Action of Formaldehyde and Secondary Bases on Isatin. 
Alfred Einhorn and Maximilian Guttler {Ber., 1909, 42, 
4850 — 4852). — By the action of formaldehyde and secondary bases on 
isatin, two molecules of water are eliminated and condensation 
products formed, which are considered to be derived from the lactam 

formula : CO^g^N-CHg-NRR'. 

' (i i-Dietkylaminomethylisatin forms short, red crystals, aggregated in 
large clusters, m. p. 77 — 78°. w-Phenylethylaminomethyli&atin crystal- 
lises in deep red, reniform aggregates of thin plates, m. p. 98°. 

E. F. A. t 


Synthesis of 5 : 7 : 5' : 7-Tetrabromoindigotin and 5 : 7 ; 5' : 7*- 
Tetrachloroindigotin, Negoita Danaila ( Compt. rend., 1909, 149, 
;1383 — 1386. Compare Abstr., 1908, i, 468, 798). — The constitution 
jpf the tetrahalogen derivatives of indigotin follows from the synthesis 
of these compounds by the reduction of 5 ; 7*dibromoisatin chloridt 
and 5 : 7-dichloroisatin chloride with hydrogen iodide (compare 
Grandmougin, this vol., i, 74). 

Details of the absorption spectra of the compounds aro given. 

"W. 0. w. 
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Constitution of Indirubin. LouisJC . Mai llar d (Bull. Soc. cki m 
1909, [iv], 5, 1153 — 1158).— In a previous paper (Abstr., 1902, i, ftp 
, the author has shown that indigotin dissolved in chloroform to which 
hydrochloric acid has been added, slowly passes into indirubin, and on 
this ground has suggested (Abstr., 1903, i, 761) new formula for 
indigotin and indirubin, in which these are represented as polymeride^ 
n of a supposed hemi-indigotin, C 16 U 10 O 2 N 2 . The evidence 

brought forward by Beckmann and Gabel (Abstr., 1906, i, 900) and 
Vaubel (ibid., 989) that indigotin has the formula C^OjK, i s 
discounted by the fact that it was not obtained by physical determina- 
tions, but this objection does not apply to that derived from Wahl and 
Bngard’s new synthesis of indirubin (Abstr., 1909, i, 300), which, in 
the opinion of these authors, supports the simple formula generally • 
accepted for this substance. In this connexion the author points out 
that this acceptance implies (1) that mere standing of indigotin in 
Acidified chloroform is sufficient to rotate the pyrrole nucleus from 
Ithe a- to the /3- position, or (2) that throughout the course of the new 
synthesis the oxindolo nucleus does not remain unchanged in position. 

3-Hydroxyindazyl Derivatives. Paul Preukdi.er (Compt. rend . , 
1909, 149, 1135—1137. Compare Abstr., 1906, i, 544 ^ 1907, i, 158; 

1909 i, 145). -o-Benzeneazobenzoic acid is obtained in <0 80% yield 

by condensing o-nitroso ben zoic acid with aniline. By treating this 
with phosphorus pentachloride and oxidising the product, a mixture 
of o-ben zeneazoch loroben zoic acids is obtained, which, on treatment 
with phosphorus pentachloride, yields only 4 : 6-dichloro-3-hydroxy- 
indazole, m. p. 187°. By treating o-ben zeneazo-y -chi oro benzoic acid 
in the same way, trichloro-3-hydroxyindazole, 

C d H,Cl< l (OH)> N * C ^ H 4 C 1» . 

has been prepared ; it forms needles, in. p. 209—210 . 

The formation of a mixture of monoch loro- derivatives when pho & - 
phorus pentachloride acts on o-carboxylic azo-compounds appears to 
indicate that the formation of chlorohydroxyindazoles is not due to 
direct chlorination. Azoxybenzene^carboxyhc acid , prepared by 
condensing phenylhydroxylamino with o-mtrosobenzoic acid, crystal- 
lises in yellow prisms, m. p. 118°. . 

Hubner’s 3 : 5-dibromoaDthramlic acid does not condense wi - 

benzene. The acetyl derivative of the acid has m. p. 221 (dMomp.|, 
the methyl ester forms spangles, m. p. 91 J . 

Pyrimidines. XLIX. Thioderivatives of 
Preparation of Thymine. Henry h. Wheeler and Da ■ ‘ 
lane [and, in part, Walter F. Storey] (/I nier C -ew. A, ^ 

19 — 36).— Wheeler and Liddlc (Abstr., 1909, 60) have “ “ 
tbe preparation of uracil a larger yield is obtained by condensing tbj 
3 odioformylaeetate with tlnoearbaraide than by con' “ tarried out 
deethylthiocarbamidc. Experiments bavo tlierefoie con]1 b! 

in order to ascertain whellier the preparation ol y ■ 

imprOYed in a similar manner. It has been found thatwnen 
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sodiofonnylpropionate is condensed with thiocarbamide in aqueous 
solution, the yield of 2-thiothvmme is only about one-half of that 
obtained by the use of ^-ethylthiocarbamide, but that if the reaction 
is carried out in alcoholic solution, a much larger yield is obtained, 
amounting to about 22*6% of the calculated quantity, and noarly 
identical with that furnished by the i^-ethylthiocarbamide condensation. 

2 -Thiothymine, forms fairly stout prisms, is 

soluble in water at 20° to the extent of 0133%, and is readily con- 
verted into thymine "by heating its aqueous solution with chloroacetic 
acid. Thymine is soluble in water at 23° to the extent of 0*303%. 

2 -Thiothymine has a more pronounced acid character than thymine ; 
its sodium , potassium, and copper salts are described. 

2 -BenzyUhiol - 5 - methyl - 6 - pynmidone, N H<d3- S ’ C 

bU UJM.0 

m. p. 204 — 205°, obtained by the action of benzyl chloride on the 
potassium salt of 2-thiothymine, forms colourless needles. 

6-Thio-2-ethylthiol-5-methylpyriviidim, m. p, 

181°, obtained by warming 6-chloro-2-ethylthiol-5-methylpyrimidine 
(Wheeler and Johnson, Abstr., 1004, i, 624) with a solution of potassium 
hydrogen sulphide, crystallises in prismatic needles, and, when heated 
at 215° in a current of hydrogen chloride, is converted into 2 : ft-dithio- '•* 

thymine , m. p. 281° (decomp.), which forms small, 

bright yellow needles. 

AVhen 6-thio-2-ethylthiol-5 -methyl pyrimidine is boiled with con- 
centrated hydrochloric acid for one and a-half hours, it is converted 
into thymine, but, on less vigorous treatment, ^-thiothymine, 

m. p. 330° (docomp.), is produced, which forms bright yellow, silky 
needles. By the action of methyl iodide on 6-thiothymine in presence 
of potassium hydroxide, fi‘methylthiol-5'Viethyl-2-pyrvnidon6 } 

, T ^CO NFK 

N ^C(SMe)*CMe^ CH ' 

m. p. 205 — 211°, is obtained, which forms pale yellow, prismatic 
needles. When this substance is heated with methyl iodide in presence 
of potassium hydroxide, G-methyltkiol-3 : ^ydimethyl-l-pyrimidone, 

m. p, 83°, is obtained, which forms white, prismatic needles, and, when 
boiled with concentrated hydrochloric acid, is converted into 3-methyl- 
thymine (Johnson and Clapp, Abstr., 1908, i, 835). E. G. 


Derivatives of Piperazine. Antoine P. N. Pranchimont and 
E. Kramer (Proc. K. Mad. Ifetensck. Amsterdam, 1909, 12, 452-454). 
—Van Dorp (Abstr., 1909, i, 327), who prepared piperazinediacetic 
acid together with tho corresponding diamide and dinitrile, failed to 
esterify the acid; this has now been effected. The acid forms a 
compound with sulphuric acid, and when this is heated with excess of 
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this acid and alcohol, the crystalline acid with 

the ester is obtained. The ester is freed by .treatmeffl. with bases 
under a’laver of ether or benzene. The methyl ester is a colourless 
substarire, m. p. 63°; the ethyl ester, m. p. 47 f , is also crystalline. 
Being tertiary amines, both not only combine with acids, but also with 
methyl iodide, but of this they only unite with one molecule.^ The 
compound obtained in this way from the methyl ester has m. p 
144 145 °, that from the ethyl ester, m. p. 143 . The compound 

y.piperazinediethylenediamine, 

NH 2 -CH 2 -OH 2 -K<^^“->N-CH 2 -CH 2 -NH. 2 , 

Iwas obtained by reduction of the dinitrile by means of sodium and 
fpcohoL The anhydrous compound, m. p- 40—41°, is hygroscopic, 
fvields with water a crystalline compound, m. p. 63 , and with 4 nU a 
’ hon-hyoroscopic, crystalline hydrochloride. The picrate and oxalate 
ff orm yellow and colourless crystals respectively ; th epicryl derivative 
% crystalline and decomposes at 238°, and a benzoyl derivative was 
Obtained. Similar derivatives of the lower homologue of the above 
namely, piperazinedimethyknediamine, were prepared. This compound 
should not be obtained from the acetamide by Hoffmanns method, so 
•**that it was necessary to resort to the sodium and alcohol reduction of 

t iperazinediformonitrile . This substance, prepared from bromo- 

yanogen and piperazine in aqueous solution with addition of alkali 
,|crystalli S es in leaflets, m. p. 168°, and combines neither with methyl 
-iodide, benzene, nor oxalic acid. 

; Ketochlorides and Quinones of Heterocyclic Compounds 
and Their Transformation Products. III. Ketochlorides 
and Quinones of Phenyl+aziminobenzene [2 : 1 : 3-ESenz- 
triazolel Theodor Zincke and E. Scharff (Annalen, 1909, 370, 
297— 31 4h— A preliminary note of this investigation has appeared 
already (compare Zincke and Petermann, Abstr., 1899, l, 13u). A 
complete parallelism is shown to exist between phenyl-f azimino- 
benzene f2 • 1 : 3-benztriazolel and phenylazimmobenzene [1:2. 3-benz- 
triazolelthe' different structure of the nitrogen ring having no marked 
influence on the chemical properties (compare Zincke, btoffel, and 
Petermann, Abstr., 1900, i, 524 ; Zincke and Petermann, Abstr., 1901, 

*’ 5-Aioino-2-i>benyl-2 : 1 : 3-benztriazoIe has m. p. 183° (compare 
Kehrmann and Hessinger, Abstr., 1892, 889) ; the sulphate and 
hydrochloride crystallise in colourless needles; the acetyl derivative, 
Oj 4 H 12 ON 4 , crystallises in faintly pink, silky, slender needles, m. p. 

192 °. .N-CICH-C-NO, 

" t Q~Chloro-5-nUro-2-ph£nyl-2 : Y: 3-6 enztnazole, NPb< C^.c;cH’CCl 1 
is prepared by boiling a solution of 1 :3-dichloro4 : 6-dinitrobenzene 
in 96% alcohol with phenylhydrazine and crystalline sodium acetate , 
it forms pale yellow needles, m. p. 196°, and when reduced with 

hydrochloric acid and tin yields the oorr^pondmg amiim-compound 

C, 2 H 9 N 4 CI, small, glistening, brownish-yellow leaflets and needle-, 
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m. p. 221 derivative of which crystallises in slender, 

v?bite mae$etTnhp* 221°. 

4:5:5 i 7-Pentaddor(yG-Jccto-2-phenijUetrahydro-2 : 1 : 3-benztriazole, 

^c^ccirgo „ . . . •#* 

■^^<^N <i*CHCl’C01 * 18 * ormc ^ together with small quantities of the 


corresponding hexachloroJcetochloride by the action, of chlorine on the 
stannichloride of either of the amino-compounds just described; if 
forms stout, yellowish-green, monoclinic crystals, m. p. 128°, and when 
reduced yields a mixture of the corresponding dichlorohydroxy- and £ri- 
chlorohydroxy-compoxm&s , which could not be resolved. 4:5:7: 7-Tetra * 


chloro-6-foto'2‘phenyl-6 : 7dihydro-2 : 1 : %-benztriazde, C ]2 H fl ON 4 CI 4 , 
prepared by boiling the pentachloro-compound just described with ant 
solution of potassium acetate in acetic acid, crystallises in slender, 
yellow needles, m. p. 168°, and when reduced with stannous cbloridtf- 
yields 4:5: 7-trichloi’o-6-hydroxy-2-pkenyl-2 ; 1 : $-benztelrazole , 
Ci 8 H 6 ON s ci 3f 

slender, white needles, m. p. 167— 168°, the acetyl derivative of which,' 
C 14 H 8 0 2 N 3 Clg, crystallises in glistening, white needles, m. p. 179 — 180°.| 
The trichlorophenol is oxidised by nitric acid (D 1*4) in glacial acetic" 
acid, yielding 4 : 5-dichloro-b : 7-d,iketo-2-phenyl-§ : 7 -dihydro -2 : 1 : 3 Jm.fr 
, „„ Jjf-p-OOCO _ 

tetrazole, •CCl'CCl* ar ^ 01 re< ^ cr ystals, m. p. 191°. The" 


latter substance undergoes the following changes : (l) When reduced* 
with stannous chloride, it yields 4 : S-dichloro-S : 7-dihydroxy-2-phmyl- 
2:1: 3 -benztriazole, C 12 H 7 0 2 N 3 C1 2 , which crystallises in slender, white 
needles, sinters at about 130°, m. p. 154—155° (decomp.) when heated 
slowly, m. p. 170° (decomp.) when heated rapidly; the diacetate , 
Ci S H u 0 4 N 8 0I 2 , forms glistening, slender, white needles, m. 189 — 190°. 
(2) It is converted by a hot 20% aqueous solution of sodium 
carbonate into 5-ckloro-6-hydroxy-± : 1 -diketo -2- phenyl : 7 -dihydro- 
2:1: 3 -benztriazole, C 12 H G 0 3 N 3 CI, large, brownish-yellow crystals, 
m. p. 265 — 266°, which, when boiled with nitric acid (D 1*4), yields the 


N’OCOCO 

corresponding fetra&efo-derivative, NPh<\l*n i , crystallising in 

JN r v*vU'CU u 


almost colourless needles, m. p. 165 — 170° (decomp.). (3) When 
treated with aniline iu glacial acetic acid it yields 5 -chloro-h-hydroxy~ 
7-hto-A -phmylimino - 2 -phmyl - 4 : 7 -dihydro-2 : 1 : ^-benztriazole, 


CjgH^O^C!, 

which crystallises in slender, brownish-red needles with a bronzy 
reflex, sinters at 228°, m. p. 234 — 236° (decouip.). 

Pentachloroketo-2-phenyltetrahydro-2 : 1 : 3-beoztriazole, when acted 
on by a cold 5% aqueous solution of sodium hydroxide, yields the acid 
N-OCCi >CO H * 7 

^k^N'C'OCrCHCl > which crystallises in slender, white needles, 


m. p. 62 — 63°; the methyl ester, C 13 H ft 0 2 N 3 Cl 4 , forms slender, silky> 
white needles, m. p. 67 — 68°. An aqueous solution of the sodium salt 

C*CO*CO E 

of the acid when boiled yields the ocwf, N s Ph<3i 2 long, 

XMjCI.CHCI 

white needles, m, p. 177°, the methyl ester of which, C ls H t ,0 3 N 3 Cl 2 
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crystallises in glistening, white needles, m. p. 152— 153 a ; the acid 
just described also results from the action of a 5% aqueous solution of 
sodium ‘hydroxide on dichlorodiketophenyldihydro-2 ; 1 ; 3-benztri azole 

W. H. G. 


Isomeric Thiourazoles. Max Bosch, J. Reinhardt, and 0, 
Limpach ( Ber ., 1909, 42, 47G3 — 4769. Compare Marckwald and 
Sedlaczek, Abstr., 1896, i, 231 ; Busch, ibid., 1902, i, 322 ; Busch and 
Opfermann, ibid., 1904, i, 630). — It is shown that the triazoles 
obtained from a-diarylthiosemicarbazides (Marckwald, Abstr., 1 899, i, 
503) also exist in two isomeric forms : a labile form, for example, 

1 : 4-diphenyl- 5-thiourazole, I , and a stable form: 

1 J ^NPh*CO 

N— — C v 

| 0< /NPh (compare Marckwald). 

PhN— C(SH) x 

A mixture of the two compounds is formed when finely-divided 
a-diphenylthiosemicarbazide is suspended in benzene and shaken for 
two to three hours with an excess of a toluene solution of carbonyl 
chloride. The two urazoles are removed by shaking with 5% sodium 
hydroxide solution. The labile compound is precipitated on the 
-Addition of acetic acid to the alkaline liquid, and the stable compound 
on the addition of hydrochloric acid to the filtrate. If the mixture is 
shaken for a longer time, the amount of stable compound tends to 
increase at the expense of its isomeride. The benzene solution 
contains unaltered thiosemicarbazide and phenylanilinothiohiazolone 
("Freund and Kuh, Abstr., 1890, 14-40). The labile compound crystal- 
lises in colourless needles, melts at 139 — 140°, but is immediately 
transformed into the stable compound, m. p. 220°. Its sodium 
derivative crystallises in slender, felted needles, m. p. 60°, and reacts 
with methyl iodide at 100°, yielding diphenylmethylurazole (Busch 
and Heinrichs, Abstr., 1901, i, 617). The silver salt is insoluble, and 

NPh*N 

with methyl iodide yields the O -methyl derivative, SC<T^_. M , 
J J v > ^NPlrOOMe 

m. p. 88°. When benzoyl ated in pyridine solution the thiourazole 
yields ~8-benzoyldiphenyllhiour azole, C 21 H 15 0 2 N 3 S, as yellow needles, 
m. p. 146°, which are stable in the presence of alkalis. 

The 5-thiol-l : 4-diphenyle?i(/o-oxydihydrotriazole, when oxidised 
* with ferric chloride, yields a disulphide, (C )4 II Jj> ON 3 S) 2 , in the form 
of orange-yellow needles, m. p. 231—232°. The thiol yields the 
NIC x 

5-benzoyl derivative, | >0 /NPh, as colourless needles, 
PhN • C(S • COPh/ 

m. p. 189°. The sodium derivative of the thiol has m. p. 121°, 
and with methyl iodide and methyl alcohol at the ordinary 
temperature yields methyl mercaptan and 1 : 4-diphenyl-2-methyl- 
urazole. 

The following diary lthioscmicarbazides also yield pairs of isomeric 
thiourazoles with the in. p, indicated : 
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2 4'Diarj'Ithiosemicarbazide. Thiourazole. 

4- Phenyl* 2-m-tolyl 125* 

4- Phenyl-2- m- bromophenyl 118—119* 

4- Phenyl-2-m-ch.lorophenyl 108—110 

4-Phcriyl-2 0-naphthyl 133 -134 

4 -Phenyl- 2 -p-tolyl 144 

4'Pheoy]-2-i?-broinophenyl 169— lfO 


Tlnolc.ido-oxy- 

dihydrotriazole. 

259° 

2&7 

259—260 

295 

239-240 

255 

J. J. s. 


Organic Salts of Violuric Acid. Th, Zerewitinoff {Ber, f 
1900, 42, 4802 4808). — Violuric acid forms intensely coloured salts 
with primary, secondary, and tertiary aliphatic amines and diamines, 
also with pyridine, piperidine, alkaloids, and some aromatic amines, 
jhe salts with primary aliphatic amines exist in two main forms, 
coloured blue and red (compare Hantzsch, Abstr., 1909, i, 331), but 
usually mixtures of these are obtained resulting in violet or blue, or 
reddish-violet salts. Usually only one form is stable, the conversion ' 
of one into the other readily taking place in the presence of moisture. 
Thus w-propylamine, ??/~butvl amine, and ■rc-arnylamine violurates are 
obtained as violet salts from alcoholic solution, but become blue on 
exposure to moist air, and remain blue when dried in a desiccator. 

Salts of violuric acid with normal primary amines are usually red 
or violet in colour ; those derived from primary m-compounds are { 
more often blue. The blue modification is the one generally obtained 
from aqueous solution. 

The amine violurates are prepared by mixing the components 
in equimolecular proportions in alcoholic solution. The salt readily 
separates, and may be crystallised from alcohol or water. 

Methylamine violuraie is obtained violet from alcoholic solution, 
or blue when methyl ethyl ketone is the solvent, the violet being the 
stable form. Ethylamine violurate is at first obtained bluet but 
rapidly passes into the stable red form, n- Propylamine violurate is 
at first obtained bluo in alcoholic solution, but the salt turns reddish- 
violet when left in contact with the solvent. The violet form retains 
its colour when dried, but changes to blue again in presence of moisture. 
mPropylamine violuraie is blue ; n-butylamine violurate is violet, 
changing to blue on exposure. i'&oBuiylamine violuraie forms violet- 
blue plates or blue needles. n-Amylamine violurate is likewise violet, 
changing to blue. isoAmylamim violurate is at first blue, but becomes 
violet on recrystallisation, tert . -Amylamine violurate is also blue • 
similarly, iso faxylamine violurate , but this is violet when crystallised 
from water. Heptylamine violurate is similar. 

Diamine salts having the formula 

r-nh 3 -o-c<^“^o:n-o-nh s 'R 

arc prepared by keeping the monoamine violurate in presence of the 
corresponding amine in a desiccator. 

Diisabutylamine violurate and d-Pn- amylamine viohmde are both 
reddish-violet in colour. 

The amine violurates dissolve in pyridine with a blue coloration. 
The active hydrogen atoms were ; determined 'at normal temperature 
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and at ;sd'' Dv means i^de^j&th© method 

previously .■ deified' (Ata^> 1908, ^698)^ : The results, indicate that 
at normal temperature only two hydrogen atoms of the NH 3 radicle 
Aw actifer^t at 85° all three react. E. E. A. 

v |T ?PTn npyrrole . * II. Z. Leyko and Leon Marchlewski {Biochsm, 
Zeitach , 1909, 22, 464—470 ; Bull. Acad. Scu Cracow , 1909, 
183—688. Compare Abstr., 1908, i, 710).— Altogether four 
products have been obtained by the action of benzenediazonium 
salts on haemopyrrole. The main product has the formulh 
r C 8 H n N(N 2 Ph) 2 ,HCl. 

the authors now describe a method for preparing the second product, 
H 2 Ph • C s H ir N • C 8 H u iN * N 2 Ph,HCl, which melts at 268°. It can be 
Separated from the chief product by means of chloroform, in which it 
ps much more soluble, forming a bluish-violet solution, from which it 
l&n be precipitated by alcohol. 

| By means of sodium acetate tho free base of this dye can bo 
obtained. The authors give the measurements of the absorption 
bands of the chlorine-containing substance in chloS^form solution. 
JFhe results obtained are regarded as of importance as showing that 
%8emo pyrrole corresponds with the formula C S H 13 N, and not CyH^N, 
thd also that it is admixed with a second product corresponding with the 
formula C 8 H 12 N-C 8 H 13 N, the representative of a new class of pyrrole 
; derivatives. & * 

fe ^Action of Sulphites on Aromatic Amino- and Hydroxyl 
Compounds. VIII. Behaviour of Hydrazines, especially of 
^Phenylhydrazine, in the Sulphite Reaction. Hans Th. Bucheber 
and Ernst P. Sonnenburg (/. pr. Ckem ., 1910, [ii], 81 , 1—48. 
Compare Abstr., 1909, i, 787).— A difference has been observed in the 
behaviour of naphthalene derivatives of the a- and the /3-series contain- 
ing only one auxochromic group when these compounds undergo 
prolonged boiling with phenylhydrazine and 36% sodium hydrogen 
sulphite. The reactions are complicated by the interaction of the two 
last-mentioned substances to form sodium pheaylhydrazinesulphonate, 
from which the desired reaction product cannot be separated. After 
decomposing the latter, however, by alkalis and by acids, the nature of 
ybe secondary products throws some light on the constitution of the 
^primary products in the sulphite reaction. Thus amines and naphthols 
of the a-series (except a-naphthol itself and l-naphthylamine-5- 
sulphonic acid) yield s-hydrazinesulpbonates, NHR’NPlrSC^Na or 
HHPh’NR'SOgNa, which are converted by alkali into benzeneazo 
naphthalene derivatives, and by acid into nuclear sulphonic acids of 
the carbazoles, and also to some extent into diamino-compounds by the 
benzidine transformation. Amines and naphthols of the /2-series and 
also the two above-mentioned exceptions^ the a-series yield, after 
treatment, with phenylhydrazine and sodium hydrogen sulphite, 
carbazole-JT-sulphonic acids, which are probably produced from an 
initially-formed hydrazo-compound by intramolecular indole condensa- 
tion] the absence of any hydrazo-compound among the primary 
products of the reaction is proved by the non-production of azo- 
compounds by treatment with alkali (compare Abstr., 1908, i, 455). 
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The reacp^^jt^plttirof members of the a-series is best eigtoplitied 
by 1 -napfithol^^nphouic acid, the only mstancB?in : whicb tl^pHia-l 
hy d razo-Compopn d can be separated from the sodium phenylftydlpzine- 
sulphouate formed simultaneously. 1 -Na p h th ol- 4 - 8 ulpho n i c v acid^.iSl 
boiled with phenylhydrazine and 36% sodium hydrogen sulphite tibr 
seven and a-half hours, and the white, crystalline product is extracted 
with boiling 95% alcohol. The alcoholic extract deposits on cooling 
colourless crystals, which are freed from sodium pheiiylhydrazineA 
sulphonate by treatment with benzene and with alcohol ; the purified 
NH-MPh-SO.Na has the composition ' S 

/\ /\ ^16-*d-12^6^2®2^ a 2> \/X- 

/ I | and is the fo/drazo-compound, probably having 

t /( j the annexed constitution. By treatment 

^ SO Na with sodium hydroxide, it yields benzeneazc^ 

3 a-naphthalene and benzeneazo-a-naphtba- 

lenesnlphonic acid (each of which can be reduced to diamino-com- 
pouuds), and by heating with hydrochloric acid (3 : 1) it is converted^ 
into a-phenonaphtbacarbazole and a diaraino-eompound. 1-Naphthyfc" 
amine- 4-sulphonic acid behaves in the same way, and yields the. 
same products, and so also does l-naphthylamine-6-sulphonic acid M thie 
reaction product being converted by dilute sodium hydroxide on tfip 
water-bath into bcnzeneazo-a-naphthalene-6-sulphonic acid, and by- 
strong hydrochloric acid into a-phen o naphtk acarbazole-Q-sulphonic acid ^ 

$O 3 H*C 10 H 5 <^ , and a diamino-compound. &jB!| 

By prolonged heating with phenylhydrazine and 36% sodium hydrogeh 
sulphite, a-naphfchol yields pheno-a-naphthazole-iT-sulphonic acid, which 
cannot be isolated in a solid state, but yields phenonaphthacarbazole 
when heated with concentrated hydrochloric acid. In a similar way, the 
product from l-naphthylamine-5-sulphonic acid yields a-phenonaphtha- 
carbazole-5-sulphonic acid (probably obtained from the iV/5-disulphouic 
acid); that from 2-napbthol-l-sulphonic acid or 2 naphthylamine- 

1- sulphonie acid yields 2 : 1 -phenonaphthacarbazole in small amount and 
2 : 3-phenonaphthacarbazole-l-sulphonic acid; that from 2-napbthol- 
6-sulphonic acid yields phenonaphtbacarbazole-6-sulphonic acid, and 
that from 2-naphthol-3 : 6*disulphonic acid yields a carbazole-3 : 
disulphonic acid, 

The action, of phenylhydrazine and sodium hydrogen sulphite oft 
naphthalene derivatives containing two auxochromic groups is some- 
what different from that on derivatives containing only one. Garb* 
azoles are not formed, Thus 1 -amino-2 -naphthol-4-sulphonic acid 
yields a yellow solid and a yellow solution. The solid has the 
composition C 22 H 19 0 3 N 4 SNa, and by treatment with hot sodium, 
hydroxide yields a bluish-red dye, from which hydrochloric acid 
eliminates phenylhydrazine. The yellow solution by treatment with 
warm concentrated sodium, hydroxide yields sodium 1-benzeneazo- 

2- naphthol-4-sulphonate, 2-benzeneazo-l -naphthol-4-sulphonate, and 
2 benzeneazo-l-naphthol. Bearing in mind that the sulphite reaction 
proceeds thus : 

XsvHSO;, PhXofI s 

■ R*0'S0 2 Ka — R'NH*NHPh, 
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there appears to be little doubt thaf &e yellow* solid jias the annexed 
p, constitution, and that it yields the preceding 
azo compounds by loss of phenylhydrazine from 
/X/^VfljpjQIPh position 1 or 2 and simultaneous oxidation when 
I J I treated with alkali. Similarly, 1 -amino- 2-naph- 

thol-3 : 6-disulphonic acid also yields two yellow 
SO s Na products, the one soluble, the other insoluble, 

which are converted by alkali into red azo dyes. 

The action of phenylhydrazine and sodium hydrogen sulphite 
on certain azo-dyes follows a similar course. By heating 1-benzeneazo- 
2-naphthol-3 : 6-disulphonic acid with phenylhydrazine (or hydrazine 
hydrate) and sodium hydrogen sulphite, a yellow solid and a yellow 
solution are obtained, from each of which the original dye is recovered 
‘"by alkali. The reaction in the case of l-benzeneazo-2-naphthol- 
6-sulphonic acid is more profound. Again, a yellow solid and a yellow 
solution are obtained. The latter regenerates the original dye by 
treatment with alkali, and probably contains the hydrogen sulphite 
compound of the dye. The yellow solid, the analysis of which accords 
with the constitution SO s Na'C 10 H 4 (I4H*NHPh) 2 (NH*!NPh , SO 3 Na), 
is stable towards cold alkali, but is converted by 
N 2 Ph warm ( in u te sodium hydroxide into a bluish-red 
/\/\0H dye , the analysis of which points to the annexed 


SCLNat L ) constitution. 

\/ \/ The behaviour of a mixture of 1-benzcnoazo- 

and l-tolueneazo-2-naphthol-6-sulphonic acid, or 
of i -xyleneazo-2-naph thol-3 : 6-disulphonic acid, with phenylhydrazme 
and sodium hydrogen sulphite is very similar to the preceding. 

The behaviour of alizarin-red - S with phenylhydrazine and sodium 
hydrogen sulphite has also been examined. The product is a yellowish- 
brown substance , which resembles the original dye in several respects 
but differs from it in the colour of its 
. < alkaline solution and in producing a more 

/ \/CO\/ h P h violet shade on chromed wool. It has 

I I i I xr probably the annexed constitution, and 

X^y^^CO X/feOgH regenerates alizarin-red-^ and phenyl- 

hydrazine when heated with dilute hydrochloric acid. 

No condensation takes place when 1-naphthylamine- or 1-naphthol- 
4-sul phonic acid is heated with sodium hydrogen sulphite aud hydrazo- 
benzene, either together or successively ; the product contains azo- 
. benzene, benzidine, and its A-sul phonic acid. The latter is obtained 
almost quantitatively when azobenzene, ammonium hydrogen sulphite, 
and ammonium hydroxide (D 0*88) are heated for twenty- lour hours at 
100 — 110° under 2 atmospheres pressure. V. 


Compounds of Copper with Egg- Albumin. Alberto Sc ala 
and Giuseppe Bonamartini (Atti It Accad. Lined, 1909, [v], IB, ii, 
551 — 559). — Further examination of the acid copper albumin obtained 
from copper sulphate and egg-albumin (compare Bonamartini and 
Lombardi, Abstr., 1909, i, 72) shows that, after washing, this com- 
pound does not contain copper and sulphuric acid in the proportions 
in which they exist in copper sulphate, the copper always being 
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jp excess. In fagt, making allowance for the sulphuric acid yielded 
0 n analysis by tne sulphur of the albumin, it would appear that the 
whole of the sulphuric acid is eliminated by washing, together with the 
larger part of the copper. 

These observations may be explained by assuming that the copper 
sulphate combines with lateral amino-groups of the albumin molecule 
(compare Traube-Mengarini andScala, Abstr., 1909, ii, 603) thus : 

*4 /™*>S0 4 

+ -> * 


<nh 2 


''•NH„ 


Cu 


"Nil 

V NII 


>Cu 


giving a compound in which the degrees of dissociation and hydrolysis 


of the group ^^ 3 ^>S0 4 are greater than those of the group ^^>Cu, 


so that whilst the one group tends to become completely removed, the 
other (Cu) tends towards a limit. If, then, compounds containing at 
first different proportions of copper, are washed, they should yield 
compounds of constant type, and this is found approximately to be 


the case. 

That this explanation is the true one is shown by the observation 
that, when an egg-albumin solution is treated with copper sulphate in 
slight excess and then with sodium hydroxide solution, a compound is 
obtained with a proportion of copper greater than is ever observed 
when no sodium hydroxide is employed ; the alkali tends to detach the 
S0 4 groups, and at the same time - introduce more Cu groups into the 
molecule. T. II. P. 


The Scission Products of the Nucleo-protein of Milk 
Glands. Jonx A. Manuel ( Biochem . Zeitsch 1909, 23, 245 — 249). — 
The amino-acids and hexone bases obtained by the hydrolysis of the 
nucleo-protein were estimated and compared with the hydrolysis 
products of caseinogen. There is a decided similarity in the numbers 
obtained, which indicate that caseinogen is possibly ». [degradation 
product of the nucleo-protein of milk glands, and produced from the 
latter by a scission of carbohydrates, purine, and pyrimidine bases. 
Hammarsten’s method was employed in the preparation of the nucleo- 
protein. S. B. S. ■ 

Studies on Enzymes. II. Measurement and Meaning of th© 
Concentration of the Hydrogen Ions in Enzymatic Processes. 
So hex P. L. Sorensen ( Biochem . Zeitsch ., 1909, 22, 352 — 356 ; Compt , 
mid. Lab. Carlsberg, 1909, 8, 1 — 16S. Compare Abstr., 1909, i, 861). 
— It was found that the secondary sodium phosphate employed for 
preparing tbe 1/15 mol. standard solution contained 3—4% of the 
primary salt. New determinations with a pure salt were accordingly 
made, and the results are given in a table. The new values, do 
not, however, differ essentially from the ones previously given except 
in the mixtures having the greatest alkalinity. In neutral or nearly 
neuttfal mixtures, the difference is quite small, and is sometimes 
positive and sometimes negative, so that the old values are retained 
for the whole curve. N. H. J. M. 
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[The Enzymes of Gum-acaSiS! ajid^rt^jLQther Gums ] 

YyMMifihi reply 

t6 sorbe' ; criticism8 of Reinitzer (Abstr., 1909, i, B. S. 

•• ' N • ' ; ' ; “ " ‘ ' 

Preparation of Hydroxyarylarsenious Oxides. Fa&bwerke 
vorm. Meister Lucius & Bruning (D.R.-P. 213594). — The action of 
mild reducing agents, such as hydrogen iodide, sulphurous acid, phenyl- 
Hydrazine, phosphorus trichloride, or thionyl chloride o#. hydroxy- 
Mmnylarsinie acids leads to the formation of hydroxyarsenious oxides, 
pap- Hydtoxyph enylarsenious oxide, OH*C 6 H 4 'AsO, a colourless, crys- 
talline powder, readily soluble in water or alcohol, is prepared by 
reducing sodium yj-hydroxyphenylarsinate with potassium iodide and 
"dilute sulphuric acid. ^ * 

f ; _ p -Arsenophenol, OH-C 6 H 4 -As!As*C ft H 4 ‘OH, is precipitated in yellow 
flakes when the foregoing compound is warmed in neutral solution 
with sodium hypochlorite. F. M. G. M. 

o-Aminoarylarsinic Acids. Ludwig Benda ( Ber ., 1909, 42, 
3619 — 3622. Compare Ehrlich and Bertheim, Abstr., 1907, i, 812 j 
0. and R. Adler, 1908, i, 492 ; Benda and Kahn, 1908, i, 591 ; 

! Bertheim, 1908, i, 590). — Arylamines with a substituent in the para- 
■ position with respect to the amino-group condense with arsenic acid, 
yielding o-aminoarylarsinie acids, but the yields are not good. These 
ortho-arsanilic acids closely resemble the corresponding para-compounds 
in most of their properties, and can be readily acylated and diazotised, 
H-Aminotolyl-5-arsinic acid, NH 2 *C 6 H 3 Me*AsO(OH) 2 , obtained from 
^-toluidine and arsenic acid at 195 — 200°, crystallises from dilute 
alcohol in felted needles, m. p. 176°. m-Xylidine and arsenic acid 
yield 4~amino-m-xylene-5-(irsinic acid , NH 2 , C e H 2 Me 2 , AsO(OH) 2 , m. p. 
199 — 200°, and yj-ehloroaniline and arsenic acid, 4-c/Woro-l : 2-araanihc 
acid. NH 2 *C 6 H 3 Cl'AsO(OH) 2 , m. p. 207°. The position of the arsinic 
acid radicle can be determined by replacement by iodine. J. J. S. 

Preparation of Carbamide and of Thiocarbamide Derivatives 
of p-Aminophenylarsinic Acids. Farbwerke vorm. Meister, 
Lucius <fe Bruning (D.R.-P. 213155). — The action of cyanic or thio- 
i'cyanic acids (or the corresponding esters) on jo-ami nophenylarsinic acid 
or its derivatives yields crystalline compounds having the general 
formula NRR^CR^NH-CgH^AsCKOH).*, where R and Rj may be 
either hydrogen, aryl, or alkyl groups, and R >2 either sulphur or 
oxygen j these compounds are sparingly soluble in cold water or dilute 
mineral acids, and therapeutically less toxic than the acyl yj-amino- 
phenylarsinic acids. The following examples are mentioned : carb- 
amidoarsanilic ^ acid , thiocarbamidoarsanilic acid, pkenylcarbamido- 
arsanilic acid , methylcarbarnidoarsanilic acid, carbamido- o - melhyl- 
arsanilic acid , and carbamidoanikranilic-arsinic acid. F. M. G. M. 
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Oxidation of Un saturated Compounds by means of 
Organic Peroxides. Eduaro Lippmann (Ber., 1910, 43, 464. 
Compare Piileschacefli, this vol., i, 86). — The addition of benzoyl 
peroxide to amylene, and the subsequent hydrolysis to isodiamylene 
oxide, was studied by the author in 1884 (Abstr., 1885, 366). 

J. J. S. 

Condensation of sec.-Butyl Alcohol with its Sodium 
Derivative. Marcel Guerbet (Compt. rend., 1910, 150, 183 — 185. 
Compare Abstr., 1902, i, 130, 583, 657 ; 1908, i, 162, 635).— When 
ger.-butyl alcohol is heated with its sodium derivative at 200 — 220° 
there is formed a mixture of two alcohols: (1) y -Methylhe.ptan-f. ol, 
CHMeEfc'CH^CIIEt'OH, a liquid with a mint-like odour, has 
b. p. 167 — 169° (corr,), D° 0*8493; its acetate has b. p. 183 — 185° 
(corr.). On oxidation, the alcohol yields y-methylheplan-t-one , C s H 10 O, 
b. p. 161° (corr.) ; the semicarbazone crystallises in needles, m. p. 96°. 
The constitution of the foregoing alcohol and ketone was deduced 
from a study of their oxidation products. 

(2) The dodecyl alcohol, “ tri&ac.-butylic alcohol C i2 H 30 O, b. p. 
250 — 255° (corr.), an agreeably smelling liquid, is converted on 
oxidation into the corresponding ketone , C 13 H 24 0, b. p. 247 — >248° 
(corr.). This forms a semicarbazone, m. p. 161 — 162°. W. O. W. 

Methylacetenylcarbinol [ Butin ene-y-ol]. Robert Lespieau 
(Compt. rend., 1910, 150, 113—114. Compare Abstr., 1908, i, 496). 
— A description of a method for preparing alcohols of the type 
OH/CHR’CiCH, fi-Brovio-te-butene-y-ol, OH* CH Me * C Br !C H 2 , ob- 
tained by the action of magnesium methyl iodide on bromo- 
acraldehyde, is a colourless liquid, b. p. 59*5 — 60°/ 14 mm., or 151°/ 
732 mm. (decomp.) ; it forms a phenyluretltane, m. p. 62*5 — 63*5°. 
Alcoholic potassium hydroxide converts the alcohol almost quanti- ; 
tatively into acetylene, whilst the aqueous alkali brings about a more 
complex change. Amongst the products recognised were acetylene, 
propionic acid, and butinene-y-ol, OH’OHMe*C:CII. This was isolated, 
not quite free from water, as a liquid, b. p. 107 — 109 J /760 intu. By 
treating with an ammoniacal cuprous chloride solution, a precipitate 
is formed, which, on treatment with iodino and potassium iodide, is 
converted into aaB-tri’iodo-\ a -butene-y-ol, OH*CHMe*CX.CI 0 , m. p, 96°. 

W. 0. w. 

Un saponifiable Constituents of Japan Tallow.^ Hermann 
Matthes and W. Hrintz (Arch. Pharm., 1909, 247, 650 — 657). 
Japan tallow, m. p. 53—53*5, D 1*0032, is saponified by alcoholic 
potassium hydroxide, and tho clear soap solution is diluted with water 
and extracted with ether. The residue obtained by the distillation of 

you xcviu. i. m 
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Thq^fi^tTii&Mue thd$%btft)Ln«d ^^^lSB09^bt9 w n 

ms$s (ia&ine number 36 25), wliich is * aa 

insoluble portion, from which myricyl alcohol is isoiaf€$,'*;atid a 
soluble portion, from which phytosterol, m. p. 139°, and eery! alcohol 
*9°, are obtained, together with a saturated alcohol, m. p. 65° 
(acetate, m. p. 41°), which is probably nonadecyl alcohol, CjgH. 40 O. 

'•«£ ' * "'ft C. S. 

Dimethyldiethyldicarbinol [y8 - Dimethylhexane - y5 -dioll, 
^Mlle. C^cile Frumina (Bull. Acad. toy. Belg ., 1909, 1151 — 1157).-- 
wLawrinowitsch’s pinacone, obtained by reducing methyl ethyl ketone 
jhrith sodium (Abstr., 1877, ii, 427), has been prepared by the action 
of magnesium ethyl iodido on methyl oxalate, and proved to consist 
of a single liquid substance, yS -dim ethyl hexane-yS*diol, 

OH* CMeEt*CMeEt*OH, 

bi p. 195°/760 mm. or 10°/110 mm. The solid modification obtained 
by Zelinsky and Krapiwin (Abstr., 1893, i, 390) in repeating 
Lawrinowitsch’s experiment was not produced in the synthesis now 
described. The diethyl ether has b. p. 142 — 143°/760 mm. or 
110 — lll°/20 mm., and is liquid. The dichloride boils at 165 — 166°/ 
^60 mm. or at 114 — 115°/18 mm. T. A. H. 

1* Drying of Moiat Ether. E. von SmnRNUOCK ( Monatsh 1909, 
30, 759 — 766). — A comparative study of calcium chloride, potassium 
carbonate, sodium sulphate, magnesium sulphate, sylvite, potassium 
chloride, calcium sulphate, and carnallite, having regard to their use, 
in the anhydrous state, for the removal of water from moist ether. 
The first two substances mentioned are shown to be most efficacious; 
sodium sulphate, a substance frequently recommended and used for 
drying ether, is not very effective, and may be replaced with great 
^advantage by carnallite and magnesium sulphate. W. H. G. 

Action of Sulphur and Ammonia on Organic Sulphides 
and Disulphides. Bjrok Houibjsko. (Ber., 1910, 43, 220 — 226J 
Compare Abstr., 1908, i, 308). — Organic sulphides and disulphide^ 
form reddish-brown additive products of the general formula- 
^ E 2 S x , 2 /NH 3 with sulphur and ammonia. The reaction is reversible, tlw 
^equilibrium depending on the sulphide used. In some cases, as with 
ethyl and jo-tolyl disulphides, the additive product undergoes further 
■ change into the tetrasulphide, according to the equation : 

R a 8 it ,yNH 1 -:K a S 4 + S*. 4 + yNH II 
so that the ammonia can be considered to act eatalyticaily on the 
formation of tetrasulphides from disulphides and sulphur. 

The organic sulphide or disulphide is dissolved in absolute alcohol, 
an excess of flowers of sulphur added, and the solution, then saturated 
with ammonia, whereby the colour gradually changes to a dark brown. 
After some weeks the undissolved sulphur is collected and weighed, 
the filtrate allowed to evaporate spontaneously, and the residue then 
investigated. 

With ethyl sulphide, the residue consisted of a minute trace of 
sulphur, but the additive product must have been formed in solution, 
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a^phido is necessary for^ the formation of 

Ethyl disulphide gave a residue of a yellow uncry stallisable oil; 
when this was distilled under diminished pressure (12 mm.), a colour- 
)ess liquid distilled over at 77 — 78°, and the residue in the flask 
consisted of ethyl tetrasulphide. 

^-Tolyl bisulphide {prepared from p-tolyl mercaptan and sulphuryl 
chloride in ethereal solution, or by the spontaneous oxidation of an 
alkaline solution of the mercaptan) gave a solid residue, contaminated 
with oil, which after recrystallisation from alcohol is fouod to.be a 
mixture of the di- and ietra-sulphide, the latter having in. p. 75°. 

Diethyl dithiodigly collate gave a dark-coloured solution, from which; 
the original substances were always regenerated, no matter what th$k 
treatment; large quantities of sulphur dissolved. If the filtrate,' 
after collecting the excess of sulphur, was again saturated with 
ammonia and kept for six weeks, the amide, m. p. 156 — 157°, derived 
from the original ester was formed. ’ > 

In an appendix on the inorganic pol.ysulphides, the author states 
his opinion that compounds with simple sulphur chains are colourless, 
or only pale yellow ; a brown colour is due to the presence of larger 
atomic complexes, S#. Whether the compound should be formulated^ 
as M 2 S,Ss or M is left undecided. T. S. P. f 


Crystalline Form and Optical Characters of Lead 
Formate. B. Kajiandeeff (Centr. Min., 1910, 17—24). — Crystals 
of lead formate, Pb(CH0 2 ). 2 , are orthorhombic, with a : b ; c 
O' 74538 : 1 : 0 84656. Detailed determinations of the optical-" 
constants are given, L. J. S. 


[Electrolysis of Garboxy-acida.] Felix Kaufler [Her., 1910,' 
43, 266). — The statement made by the author and C. Herzog (Abstr., 
1909, i, 870) in connexion with the attitude of Forster and Piguet 
(Abstr., 1904, i, 965) towards the superoxide theory was incorrect. 
An error was also made in the reference to the work of Miller and 
Hofer. K. Y. S. 

Formation of Dichloroacetic Acid from Trichloroacet^-j 
aldehyde by Wallacb's Method. Arthur Kotz {FesUchrift Ottop 
WMack, 1909, 496—501. Compare Wallaeh, Abstr., 1878, 283, 288).—;". 
The conversion of chloral into dichloroacetic acid, which may be ■ 
brought about through the agency of vater alone, is greatly facilitated 
by the presence of potassium cyanide, probably owing to the inter- 
mediate formation of chloralcyanohydrin, CCl a ‘CH(OH)'CN, and 
aa-dichloro/3cyano-/lhydroxyethylene, CC1 2 *C(OH)*ON, or the 
tautomeride, dichloropyruvonitrile, CHCl 2 *CO’CN\ The following 
observations are quoted in support of this explanation : (1) Diehloro- 
acetic acid is formed by the action of water on chloralcyanohydrin, 
(2) Nitriles of dihalogenated pyruvic acids under the conditions of- 
Wallaces method yield dihalogenated acetic acids and hydrogen 
cyanide. (3) Trichlorolacfcie acid may be converted in aqueous solu- 
tion into dieldoi'oacetaldehyde, hydrogen chloride, and carbon dioxide ; 
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this reaction undoubtedly tabes place through the intermediate 
formation of aa-dichloro-/?-hydroxyethylenecarboxylic acid or the 
tautomeric dichloropyrnvic acid, since dihalogenated pyruvic acids 
decompose in aqueous solution, yielding dihalogenated aldehydes and 
carbon dioxide. 

Chloroacetaldehyde and dichloroacetaldehyde behave similarly to 
chloral, with the difference that the first-named substance cannot be 
converted into formic acid and chloromethane. 

/3-Halogenated aldehydes, such as /l-chloropropaldehyde, cannot be 
converted into the corresponding acids even under the influence of 
hydrogen cyanide ; it would appear, therefore, that reactions of the 
nature under discussion only take place when halogen and oxygen are 
united to adjacent carbon atoms. W, H. G. 

Catalytic Phenomena. Jacob Boeseken’ ( Proc . K. Akad> 
Wetensch. Amsterdam) 1909, 12, 417 — 421). — By the researches of 
Perrier (Abstr., 1900, i, 831) and the author (Ahstr., 1900, i, 349 ; 
1901, i, 474) it has been shown that in Fricdel and Crafts’ reaction it 
is not the aromatic hydrocarbon, but the chloride or anhydride, which 
is first attacked by the aluminium chloride, as in many cases additive 
products can be isolated. The author regards this initial action as 
consisting of a loosening of the chloride, and possibly also of the 
double linkings of the benzene derivative, it being known that many 
reactions indicate the action of aluminium chloride to be purely a 
dissociating one. In order to test this view, the author has examined 
several additional cases, and with the idea that the reaction might 
proceed more readily if stable chlorine compounds, such as hydrogen 
chloride, could be formed during the decomposition, the substances 
chosen were tri methylacetyl chloride, dichloroacetyl chloride, chloral 
and trichloroacetyl chloride ; these all contain a more or less over- 
loaded carbonyl group, so that the reaction could be followed by the 
evolution of carbon monoxide. The results obtained are as follows: 
Trimethylacetyl chloride is resolved at 0° according to the equation 
CMe g *COCl = HC1 + CO + C 4 II S , the isobutylene being almost entirely'; 
polymerised. When gently heated, chloral undergoes decomposition in 
two directions: («) CCl g *CH0 = H01 -|-CO + CC1 0 (or C 2 C1 4 ), to the 
extent of 70 — 75% ; and (6) CClg’CIIO - CO + CI1C1 S . With dichloro- 
acetyl chloride decomposition takes place in the two directions: 
CHCl,*COCl = CO +. CIIC1 3 , to 60%, and CIICl 2 ‘COCl = CO + HC1 + CC) 2 , 
the CC1 2 presumably being polymerised to O 5 CH 10 . r J richloroacetyl 
dhloride, when repeatedly dbtilled with aluminium chloride, is 
decomposed in one direction ; CCl 3 'COCl = CCl 4 + CO. 

It is remarkable that, in spite of its excess of chlorine atoms, 
trichloroacctyl chloride is the most difficult of attack. The reaction 
seems to proceed particularly smoothly in the case where hydrogen and 
chlorine atoms are united with two adjacent carbon atoms. 

The course of the reaction with chloral and dichloroacetyl chloride 
indicates that it is the movable chlorine atom which is initially 
rendered active. The action of aluminium chloride on trimethyl* 
acetyl chloride is too violent to admit of the first stage of the reaction 
being ascertained. But with sulphuric acid, which in many cases 
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behaves analogously to aluminium chloride and forms the same kind 
of additive products, the reaction appears to pass through the phases : 
CMe 3 *COCI + H 2 S0 4 - CMe 3 *C0*S0 4 K + HCI and CMe 3 ’C0*S0 4 H « 
H 2 S 0 4 + 00 + C 4 H 8 , the chlorine atom being first detached by the 
sulphuric acid. T. H. P. 

Detergent Action of Soap Solutions. III. Waltiiere Spring 
[Bull. Acad. roy. Belg 1909, 1059 — 1005 ; Arch. Sci. phys. nat ., 1910, 
[iv], 29, 42 — 48, and Bull. Soc. chim. Belg., 1910, 24, 17 — 54.* Com- 
pare Abstr., 1909, i t 628, and this vol., i, 6). — The results obtained 
with “ red ochre ” ( loc . cil.) have led to the extension of this investiga- 
tion to the action of hydrated alumina on soap solutions. The results 
are analogous to those obtained with red ochre. 

To each member of a series of fourteen, solutions containing quantities 
of soap ranging from 1/2*5% to 1/16%, 2 c.c. of a mixture of water and 
aluminium, hydroxide (equivalent to 0*0061% i\l<,0 3 ) were added. The 
mixtures containing 1/8% and 1/16% of soap flocculated in twenty-four 
hours, and that containing 1/4% of soap flocculated in thirty-nine hoars ; 
the remaining mixtures, except that containing 1/2 '5% soap, having in 
this time flocculated partially. Changes in the relative proportions of 
aluminium hydroxide and soap displace these points of flocculation, 
and also mask the periodicity. The coagulated product is pulverulent, 
like that obtained with ferric hydroxide (loc. cif.), and on ignition gives 
a mixture of about 3 mols. of alumina to 1 mol. of sodium carbonate, 
indicating an original adsorption product of 3 mols. of alumina with 
2 of soap. T. A. IT. 

Detergent Action of Soap Solutions. IV. Waltiii^re Spring 
(Bull. Acad . roy. Belg., 1909, 1128 — 1139, and Bull. Soc. chim. Belg., 
1910,24, 17 — 54*). — Silicic acid, clay, and cellulose react with soap 
solutions in the same way as lampblack (Abstr., 1909, i, 628), red 
ochre (this vol., i, 6) and alumina (preceding abstract) forming with 
a part of the soap insoluble adsorption compounds, which are less 
adhesive than the original colloidal substances. 

A soap solution in which silicic acid has been suspended, and which 
has been clarified by deposition, does not reddeD with phenol phthalein 
solution, and yields less alkaline ash on evaporation and ignition than 
the original solution, due to combination of the silicic acid with a 
basic portion of the soap. Such a suspension on filtration yields a 
filtrate containing silica, and the amount of the latter in the filtrate 
augments with the diminution in concentration of the soap solution 
(compare loc. cit.). Solutions of soap of strengths varying from 
1/512% to 2% show periodicity in suspending power for silicic acid, the 
maxima being at about 1/16% and 1/2%, and the minimum at about 
1/8%. 

Pottery clay behaves in a similar manner. Its suspension in soap 
solution of any strength clears with difficulty, but a maximum 
suspending power is shown by a soap solution of 1/8% strength. 
After ignition, the clay decomposes soap less readily, and deposits much 
more easily from suspensions, the maximum suspending power for 
baked clay being shown by a soap solution of 1/32% strength. 

* The last reference contains the complete paper, Parts I — IV, 
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above this basin 

po^Spa combining with the cellulose. 'T*''A, H. 

•Xanthio Acid and Dixanthogen [Ethyl Di-oxythiocarbonate], 

II. Manfred Ragq (Chem. ZnL, 1910, 34, 82 — 84. Compare Abstr.j 
1908, i, 604). — A pure xanthate can only be prepared when water ig 
excluded from the reaction mixture in order to prevent hydrolysis. To 
-prepare sodium xanthate, sodium is dissolved in excess of ethyl alcohol- 
ftttd then the calculated quantity of carbon disulphide added, the 
reaction mixture being stirred and cooled meanwhile. The solution 
so obtained is fairly stable, and gives a yellow precipitate with copper 
palts which is free from the dark brown impurities which are Formed 
when hydrolytic products are present. The yellow precipitate consists 
of cuprous xanthate and ethyl di-oxythiocarbonate, the reaction taking 
place quantitatively according to the equation : 4NaS*CS*OEf< + 
2CuSO< = Cu 2 (S*CS*OEt) 2 + S 2 (CS*OEt) 2 + 2Na 2 S0 4 . The dixanthogen 
can be extracted from the precipitate by means of carbon tetrachloride. 
Jt is noteworthy that if sodium is added to a mixture of ethyl alcohol 
and carbon disulphide, sodium xanthate is not formed, but a compound 
■which gives a dark red precipitate with copper salts, and only changes 
into yellow cuprous xanthate on warming. 

,k v The following dixanthogens [di-oxythiocarbonatos] and xanthates 
have been prepared in a similar manner from the corresponding 
ilcohols : 

Methyl di-oxythiocarbonate , S 2 (CS*OMe) 2 , is a brownish-yellow, viscid 
oil, with an odour different from that of the ethyl compound, and. 
somewhat similar to that of acetone ; D = 1*180 ; b. p. 122° (decomp.). 
Cuprous methyl xanthate is a pale yellow powder. 

n -Propyl di-oxythiocarbonate, S. 2 (CS*OPr) 2 . — Brown liquid with no 
characteristic odour; D = 1*087; b. p. 117° (with decomposition).; 
Cuprous n -propyl xanthate forms a pale yellow powder, v 

iso Butyl di-oxythiocarbonate, S 2 (CS , 0‘C 4 H ft ) 2 , is a yellow oif$ 
1*080; b. p. 165°. In the preparation of sodium isobutyl 
xanthate, it is necessary to use a large excess of tho alcohol and. tb 
ciWarm the reaction mixture. After the addition of the copper salt, ..the 
Excess of isobutyl alcohol must be extracted with 40% ethyl alcohol, in 
which both the cuprous xanthate and the dioxythiocarbormte are 
insoluble. Cuprous iso butyl xanthate is a light yellow powder. 

' Amyl di-oxythiocarbonate , S 2 (CS*0‘C 5 H 11 ) 2 , was prepared from 
ordinary commercial amyl alcohol. Dark yellow oil ; D= 1*007 ; b. p. 
158°. Cuprous amyl xanthate is pale yellow in colour. 

Benzyl di-oxythiocarbonate f S 2 (CS*0*0 7 H 7 ) 2 . — Yellow oil with a 
characteristic, but not unpleasant odour; D = l , 218. Cuprous benzyl 
xanthate is coloured pale yellow, and is stable up to 60°. Sodium 
benzyl xanthate can be recrystallised from alcohol, but the aqueous 
solution gradually decomposes. 

Attempts to prepare glycerol derivatives were unsuccessful, although 
the results obtained point to the existence of a cuprous glyceryl 
monoxanthate. T. S. P. 
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a nd Ketones. 
Ebnst Spath ''ifjjf&nititk, l$$g| 3 t), 
g25-^$|A~Aoid' anhydrides, for example, the anhydrides of acetic 
acid,^ 'Propionitf acid, chloroacetic acid, and henzoic acid, react with 
aldehydes in the presence of sulphuric acid, yielding di-esters of the 
aldehyde hydrates ; of all the aldehydes investigated, citronellal alope 
did hot behave in this manner, owing to the extreme readiness with 
which it is decomposed by acids. In the absence of sulphuric acid and 
at high temperatures, esters of the enolic form, of the aldehyde are 
Chiefly formed (compare Semmler, Abstr., 1909, i, 364). The mode of 
action of the sulphuric acid is not clear ; that the mixed anhydride 
which is possibly formed is directly concerned in the esterification of 
the aldehyde is not probable, for tho sulphuric acid may be replaced 
by hydrochloric acid, in which case the mixed anhydride is acetyl 
chloride, but acetyl chloride reacts with aldehydes, yielding acetates 
of chlorinated alcohols and only very small quantities of aldehyde 
diacetates. The sulphuric acid may likewise be replaced by nitric 
acid, phosphoric acid, or oxalic acid, but not by 3-nitrophthalic acid, 
although this is a stronger acid than oxalic acid ; possibly the acid, in 
this case, is converted into the auhydride, and is thus replaced by 
acetic acid. 

Attempts to acetylate acetone, acetophenone, and benzophenone 
have proved unsuccessful, >. 

The aldehyde diacetates are hydrolysed quite readily by hot water* 
and are decomposed by phenyl hydrazine, with the formation of 
aldehyde phenylhydrazones and a/3-acetylphenylhydrazine. The dl- 
benzoates are hydrolysed by hot, but not by cold, aqueous potassium 
hydroxide. 

Certain of the compounds mentioned later are extremely poisonous. 

The following compounds, all of which have been prepared by 
various investigators in different ways, arc readily obtained by the 
interaction of the aldehyde and acid anhydride under the influence of 
sulphuric acid : methylene diacetate, ethylideno diacetato, heptylidene 
diacetate, chloral diacetate, crotoualdehyde diacetate, cinuamylidene 
diacetate, ethylidene dipropionate, chloral bischloroacetate, b. p, 
188°/i0 mm, (compare Gabutti, Abstr., 1900, i, 370), and methylene 
dibenzoate. The interaction of salicylaldehyde and acetic anhydride 
in the presence of sulphuric acid leads to the formation of o-acetyloxjl 
benzaldehyde diacetate ; salicylaldehyde diacetate is not formed, as 
stated by Perkin (Annalen, 1868, 146, 371), neither could it be 
obtained in the manner described by Barbier (Abstr., 1880, 46S). 

Propylidene diacetate , is a colourless liquid, b. p. 184 — 185° 

(eorr.) ; i&obutylidene diacetate, C 8 H u 0 4 , is a liquid with a not 
unpleasant odour, b. p. 189°(corr,); bemylidene dipropionate f C 13 H 16 0 4 , 
is an oil, b. p. 158 — 159°/10 mm. ; chloral dibenzoate, C 16 H u O t CI P , 
forms large, well-defined, glistening crystals, m. p. 63 — 65°; 
henzylidem dibenzoate , 0 21 H lf ,0 4 , crystallises in long, silky needles 
m. p. 61 — 62°; o -nitrobmzylzdene dibenzoate , C 2l H 1& 0 6 N, is dimorphous, 
m, p. 123—124° and 147—148°; it decomposes when distilled ima 
vacuum, yielding o-nitrobcnzaldehyde and benzoic acid ; m-nitro 
benzylidme dibcnzoale forms rosettes of silky, white crystals, m. p. 



i. 156 


ABSTRACTS OF CHEMICAL PAPERS. 

97 — 99° ; the para -isomeride has m. p. 118 ° ; cinnamyUdtne dibenzoate, 
C 23 H ia 0 4 , crystallises in needles, m. p. 133 — 135°. 

Ethylidene dibenzoate , C 16 H 14 0 4 , could not be prepared by the 
sulphuric acid method; it is obtained by the action of benzoic 
anhydride on ethylidene diaeetate in the presence of a small quantity 
of sulphuric acid at 100°, and forms small, glistening crystals, m. p, 
70—71°. VV.H. G. 

Viciaoose, a New Reducing Sugar Containing C lr Gabriel 
Bertrand and Gustave Weisweiller ( Compt . rend., 1910, 150, 
180 — 182. Compare Abstr., 1906, i, 68; 1908, i, 817).— The cyano- 
genetic glucoside observed by Bruyning (Abstr., 1900, ii, 160) in the 
seeds of Vick i angustifolia undergoes hydrolysis when treated with a 
diastase occurring in the seeds. A new sugar, vicianose, C l1 H 20 O ](]t 
has been isolated from the products of hydrolysis. This is the first 
biose isokted from a glucoside. The compound crystallises in spherular 
aggregates of small needles; it is very soluble in water, but only 
sparingly so in alcohol. A 10% aqueous solution, after fifteen minutes, 
shows a® 15 - 8° (300 mm. tube), but after twenty-two hours the 
rotation remains constant at +9*32°= [a] 0 + 39 ‘72°. Yicianose has 
m. p. about 210°; it has a somewhat higher cupric reducing power 
than maltose, and is not fermented by yeast. W. O. W. 

Theory of the Nitration of Cellulose. Alexis V. Saposciinikoff 
( J . Russ. Phys. Chew. Soc., 1909, 41, 1712 — 1741. Compare Abstr., 
1907, i, 390). — The author first discusses the work of previous 
investigators on the action of nitric acids of various concentrations, 
either alone or mixed with sulphuric acid, on cellulose. 

The non-homogeneity of nitro cellulose is due largely to the dilution 
of the nitrating mixture by the water developed in the reaction, the 
external parts of the mass being more highly nitrated than the inner 
parts. The final degree of nitration is influenced by the reversibility 
of the process. If the nitric acid employed is sufficiently concentrated 
to form nitric ethers of cellulose, and if it is in sufficiently great excess, 
chemical action proceeds very rapidly. Thus, with a mixture contain- 
ing 23-8% HNO s , 715% H 2 S0 4 , and 4*7% water at 20°, it was fouod 
that, after two minutes, only T8% of the cellulose (cotton) remained 
unattacked, the nitrated part containing 12*7% of nitrogen, correspond- 
ing with the introduction of 10NO g ; after live minutes, 11N0 3 vrere 
introduced. These results, together with those obtained with a 
nitrating mixture composed of 30% HN(.) 3 , 65%H 2 S0 4 , and 5% H 2 0, 
are in accord with those obtained by Lunge and Bebie (Abstr., 1901, 
i, 508). 

Ternary mixtures of sulphuric and nitric acids and water were 
investigated by determining the densities, electrical conductivities, and 
partial pressures of the vapours of nitric acid in the mixtures (compare 
Abstr., 1904, ii, 251,558, 614; 1905, ii, 583). The results obtained 
indicate that in such mixtures there occurs a reversible process of the 
type : HN0 3> wH 2 0 + H 2 S0 4 r; R N0 3 ,(?i - x)H 2 0 + H 2 S0 4 ,aH 2 0. This 
dehydration of nitric acid reaches a limit with a mixture of the 
composition corresponding with the equation : 

HN0 3 + bH 2 S0 4 + asH 2 0 = HNO a + z(H 2 S0 4 ,H 2 0), 
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further additiO^I a^pburic acid resulting in the formation of nitric 
anhydride. Ttfe 'results of the investigation of these ternary mixtures 
are given in the form of a. triangular diagram (compare Abstr., 
1907, i, 390). 

The relation between the composition of the nitrating mixture and 
the degree of nitration of cellulose is discussed with the help of a 
large number of numerical results. T. H. P. 

Synthesis of the Phospho-organic Acid of the Seeds 
of Plants (Posternak’e Anhydroxymethylene-diphosphoric 
Acid). Angelo Contardi (Alii R. Accad. Lined, 1910, [v], 19, i, 
23— 27).— By the interaction of inosite and phosphoric acid in a 
current of carbon dioxide, the author has prepared an acid, C 6 H 1S Q 24 P 6 , 
which exhibits all the physical and chemical characters of the phospho- 
organic acid obtained from the seeds of plants (compare Abstr., 1909, 
i, 203). By treating its barium or calcium salt with cupric and 
sodium acetates, the salt C 6 TI f .(X, l Ou 4 Ba 2 or C^H^O^CiijCa^ is obtained, 
whilst the calcio-magnesium salt agrees in chemical and physical 
properties with the corresponding derivative of the phytin extracted 
from rice bran (loc. cit.). On hydrolysis, the acid yields com- 
pounds poorer in phosphorus, one of which, inosite-dipkosphoric aci L 
C,.H u 0 12 P 2 , was isolated as a white, deliquescent, vitreous mass, and 
its barium salt, C 6 H 10 O 12 P 2 Ba 2 , prepared and analysed. T. H. P. 

Phosphoric Acid Haters of Carbohydrates. I. On Sucrose- 
phosphoric Acid. Carl Neuhekg and H. Pollak (Biochem. ZcitscL, 
1910, 23, 515 — 517). — Sucrose in water, freshly prepared calcium 
oxide, phosphoryl chloride, and dry chloroform were kept together at the 
temperature of melting ice, and the following reaction took place : 

20,3^0,! + 2P0C1 3 + 5CaO = 3Ca01 2 + 11,0 + SCyi^O^-O-POaCa. 
The sucrose-phosphate of calcium was separated out arid analysed \ it 
is a fine, white powder, readily soluble in water. The entrance of 
phosphoric acid into the sucrose molecule completely abolishes its 
fermentability. W. £>. H. 

Lipoproteins and the meaning of Fatty Degeneration in 
Cells. V. Further Syntheses of Lipopeptidea. VI. Further 
Researches on the Cleavage of Lipopeptides. S. Bondi and 
Fuanz Eissler ( Biochem . Zdtich, 1910, 23, 499—509, 510—513. 
Compare Abstr., 1909, i, 458, 459).— -In continuation of former work, 
and by the use of the same methods, the following were prepared ; 
Butyryiglycine, m. p. 70°. Butyrylalanine, thin prisms, m. p. 88 — 93°; 
its ethyl ester has b. p. 135 — 145°/ 14 mm. B uty rylalanylglycine, Ihin 
prisms, in. p. 171°. Palmityklanylglycine, needles, m. p. 128 — 138°, 
not sharp. Liurylalanylgtycine, groups oE needles, m. p. 141°. 
isoValerylglycine, thin prisms, m. p. 87 — 90. Lauryl peptone, crystal- 
line. Palmitylpeptone, a brownish-yellow powder. AVitte’s peptone 
was used in the preparation oF the two last-named substances. Unlike 
proteins and nearly all non-aromatic amino-acids, they are all readily 
soluble in alcohol. They are insoluble in light petroleum, and almost 
so in ether. 
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fltyrffflMtte-ig noj ^solved • by an 

; : is oot*' 

extract of liver. ^I'rypsin on 

~ tfatiylglyeine or laurylalanylglycine. The latter?i * 

Pffr, is decomposed by autolysed kidney extract. No evidence of 
-sible action was fodnd. W. 1). H. 

New Method of Forming -isoCyanates [Oarbimides] and 
JJofmann’s Thiocarbimide Reaction. II. Richard Anschutz 
^Slnnafon, 1910, 371, 201—226, Compare Absfcr., 1908, i, 326).— 
$Jhe behaviour of the mercuric and chloromercurie salts of ethylthiol- 
Ic^rbamic acid and isobutylthiolcarbamic acid when heated atone, 
likewise the decomposition of mercuric and chloromercurie ethyldithio- 
tearbamates by boiling water and by heat alone, has been investigated 
Tjbantitatively, with the result that the conclusions published 
previously ( loc . tit.) have to be modified slightly. 


Chloromercurie ethvlthiolcarbamate when heated decomposes thus: 
3NHEt*CO-SHgCi -> Hg 3 S 2 Cl 2 + COS +• 2EtNCO + NH 3 EtCl ; in 
this way it is possible to prepare alkylcarbimides without difficulty. 


The corresponding etbyldithiocarbamate is decomposed by heat 
analogously. 

Mercuric ethylthiolcarbamate when heated alone decomposes into 
red mercuric sulphide, carbonyl sulphide, and s-diethylcarbamide ; the 
formation of hydrogen sulphide could not be detected, owing to the 
readiness with which it interacts with ethylcarbimide, yielding 
carbonyl sulphide and s-diethylcarbamide. Mercuric ethyldithio- 
c&rbamate, when similarly treated, decomposes in two ways, 
represented by the equations: [NHEt*CS*S] 2 IIg — >• (1) HgS-f 
CS 2 + CS(NHEt) 2 or (2) HgS + H 2 S + 2EtNfcs ; the mercuric sulphide 
obtained in these reactions is black. The extent to which the 
reaction represented by (2) takes place depends on the rate of heating, 
for hydrogen sulphide and ethylthiocarbimide interact, yielding 
carbon disulphide and s-diethylcarbamide. The salt undergoes the 
same change when boilod with water, but to a greater extent (abqufc 
50%). in the manner indicated by (2). In the preparation of alkyl- 
barbimides by Hofmann’s method, however, an excess of mercuric 
chloride is employed \ this results in the formation of chloromercurie 
etbyldithiocarbamate, which is decomposed by boiling water, thus : 
NHEt-CS-SHgCl =HgS + SCNEt + HC1. 

"‘ The isobutyl salts undergo the same changes as the analogous ethyl 
compounds. 

H: Chloromercurie ethyldithiocarbamate is prepared by adding an 
aqueous solution of ethylammonium ethyldithiocarbamate to a cold 
solution of mercuric chloride in acetone; it crystallises in white 
leaflets. W. H, G. 


Ethyl Oxalosuccinonitrile and Diethyl Dioxalosuccinonitrile. 
Wilhelm Wislicen us and Heinrich Elvert ( Ber 1910, 43, 228—234. 
Compare Abstr., 1908, i, 965). — Ethyl oxalosuccinonitrile has 
m. p. 112 — 113°, not 102—103° as previously stated. A better yield 
is obtained if the method of preparation formerly given is modified 
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so as excess of sttcciftottit^iki throughout 

the i^^Kppo6rdiiig to observations made 6J A. HantzwhVtad 
H. tef, ;il(»hblio solutions of the 0-form fluoresce. H. Ley 'SSd 
von yBh^lb&rdt find that 0*005 JV-alcoholic solutions of the VIc^Sn - ’ 
also fluor&ce, but the fluorescence disappears when an excess of sodiiim. 
etbosde is added, so that it is due to the presence of a, smftlT 
pro^tioii of the 0-form. ^ ; 

By doubling the quantities of ethyl oxalate and potassium efchoxfde 
taken, and reversing the order of addition in the method formerly des- 
cribed for the preparation of ethyl oxalosuccinonifcrile, the dipotiusxuin 
salt of diethyl dioxalosuccinonitrile may he obtained (compare Michael, 
Abstr.*, 1903, i, 736). The substance gives a deep reddish-brown 
coloration with ferric chloride, and ammonia is evolved when it is 
boiled with ammonium chloride. On acidifying its aqueous solutioh/ 
the monopotassium salt is precipitated. It forms small, lustrous 
needles, m. p. above 140° (decomp.), and gives a red coloration with 
ferric chloride. Copper acetate yields with both potassium salts and* 
with the free nitrile the same monocopper salt, in the form of small 
green needles, which become brown at 170°, and melt at 220 — 225-, 
By acidifying an aquoous solution of the potassium salt, the enolia 
form of diethyl dioxalosuccinonitrile may be obtained as a viscouii£ 
brown oil, which, on shaking with water, yields a hydrate which 
forms colourless needles, m. p. 52—53°, gives a weak red coloration with 
ferric chloride, and is probably the dihydrate. It readily loses water, 
forming the monohydrate, m.p. 102 — 104-°. This hydrate also gives a 
weak red coloration with ferric chloride. The enolic form and its 
hydrates change spontaneously into the ketonic form, which crystal- 
lises in yellow prisms, m.p. 123 — 124° (Michael, loc. cit.). The 
alcoholic solutions of this substance do not fluoresce. It is probably a 
ketonic enol of the constitution : 

C0 2 EfCU-CIl(CN)‘C(CN):C(0H)-C0 2 Et. R. V. 3. 

Carbon Subnitride, C 4 N 2 . Charles Moureu and J. Ch. Bon grand 
( Compt , rend., 1910, 150, 225 — 227). — This substance has been obtained 
by the elimination of 2H g O from acefcylenedicarboxylainide, 

■ ( NH 2 -CO*C:C-CO*NH 2 ; 

it may therefore be regarded as dieyanoacetylene, NC’CiC’CN. 
analysis of the compound presented difficulties, but it has been shovm 
to contain less than 0*6% of hydrogen. Carbon subnitride occurs as 
slender, colourless needles, m. p. 20*5 — 21°, b. p. 76 °/753 nub., 
Df 0*9703. The vapour is powerfully irritant, and has ah odour 
resembling that of cyanogen ; at 130° it is spontaneously inflammable 
in air, burning with a flame like that of cyanogen. The molecular 
refractions for the JD-sodium line and for the a~, 0-, and y-hydrogen 
lines have been determined ; M 0 21*641 ; — M tt 1*02 3. Refraction 

and dispersion are considerably higher than the values calculated On 
the assumption that the compound has the foregoing constitution 
(compare Abstr., 1906, ii, 1), probably through the contignity of the 
three triple linkings. 

The vapour density between 56° and 184° is in agreement with the 
formula C 4 N 2 . W. O. W. 
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Naphthene Formation. IV. Formation of Naphthene from 
Olefines and from Artificial Lubricating Oil and the Synthesis 
of the Latter. Carl Ekgler and 0. Routala (Ber., 1910, 43 
388 — 397). — The conversion of olefines into naphthenes does not, as a 
rale, take place directly. Probably, in the first place, polymerisation 
to polyolefines takes place, and these, on account of their content of 
labile hydrogen atoms, yield, firstly, paraffins, and subsequently decom- 
pose into naphthenes, on the one hand, and lubricating oils, on the 
other. 

When the decomposition is carried out at low temperatures, for 
example, with aluminium chloride at the ordinary temperature, or at 
the boiling point of amylene, relatively little naphthene is formed 
along with paraffins and lubricating oil; at higher temperatures 
relatively more naphthene is formed, and the lubricating oils in part 
decompose, forming naphthene. 

When amylene is heated in tubes under pressure, methane and 
hydrogen are formed. By the action of aluminium chloride on 
amylene in the cold, an oil is formed containing more than 87% of 
carbon, having the composition and agreeing in composition 

and properties with natural lubricating oil. 

When heated for some timo at 350°, the lubricating oil gives rise to 
a mixture of unsaturatcd and saturated hydrocarbons ; the lower 
boiling fractions are in the main homologues of methane, the higher 
boiling fractions contain increasing proportions of naphthenes. 

E. F. A. 

Naphthene Formation. V. The Products of Heating 
Cylinder Oil Under Pressure. Carl Engleii and B. Halmai ( Bet\ } 
1910, 43, 397 — 405). — Large quantities of a Baku cylinder oil were 
heated from four to six hours under pressure at 400 — 430°. The 
product (b. p. 25 — 250°) was carefully fractionated, and the constituents 
of the successive fractions identified. The earlier fractions contained 
almost entirely paraffin hydrocarbons; as the boiling point rose, the 
proportion of naphthenes present increased. The highest boiling 
fractions consisted of lubricating oils, which behaved in a similar 
manner to the natural oils and those synthesised from amylene. 

E. F. A. 

Naphthene Formation. VI. Possible Formation of Hydro- 
carbons in Nature, and the Origin of the Optical Activity of 
Petroleum. Carl Kngler (LV., 1910, 43, 405 — 411. Compare pre- 
ceding abstracts). — 111 nature, bituminated animal and plant residues 
break down into solid pa ratlins, olefines, and liquid paraffins. The effect 
of heat and pressure, in conjunction with long periods of time, causes 
the solid paraffins to break down into liquid paraffins and olefines. The 
olefines condense to polyolefines ; this gives rise to liquid paraffins, naph- 
thenes, and lubricating oils ; the last at a still higher temperature 
undergo further decomposition into liquid paraffins, naphthenes, and 
lubricating oils with le«s hydrogen. None of these changes is 
reversible. They take place simultaneously, and no great heat is 
required if the period of time be long enough. The petroleums 
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which have been exposed to the highest temperature contain most 
naphthenes and lubricating oils, although they may be younger in the 
geological sense than oils which contain mostly paraffins and have 
been exposed to lower temperatures. 

The explanation given is in agreement with the fact that oils rich 
in naphthenes are usually rich in lubricating oils and vice versa. The 
higher boiling fractions of the heated natural cylinder oil (see previous 
abstract) still preserve some optical activity, and it would appear that 
the optically active constituents of petroleum oppose great resistance 
to racemisation by heat. Inasmuch as the heat in the natural process 
is probably less than that used experimentally, the fact that the 
natural petroleums are optically active is not in opposition to the 
combined heat and pressure theory of thoir formation. E. F. a! 

Relation between Colour and Constitution. Iwan Ostromts- 
slensky ( Ber. f 1910, 43, 197 — 198). — A claim for priority. Werner's 
observations cn nitro compounds and his deductions therefrom (this 
vol., i, 20) had been made by the author in a paper sent to, but" not 
published by, the German Chemical Society. C. S. 

Hydrocarbons from Cinnamyl Chloride, CHPh!CH*CH 2 Cl. 
Hans Kupe and J. Burst n (Ber. t 1910, 43, 172—178).— Cinnamyl 
chloride, prepared by the action of hydrogen chloride gas on cinnamyl 
alcohol (compare Etude, Abstr., 1909, i, 70S), is a mobile liquid, b. p. 
116- — 117°/12 mm., solidifying to large, colourless needles, m. p. 8 — 9°. 
Cinnamyl bromide is obtainod on heating cinnamyl alcohol with 
phosphorus tribromide in benzene solution in colourless needles, 
m. p. 30°, b. p. 130°/ 10 mm. * 

Cinnamyl chloride reacts with magnesium in ethereal solution ; the 
product when decomposed with water yields a mixture of two hydro* 
carbons. 

a£~Diphenyl-i\ at -hexadiene, CHPh'.OH*CH 2 *CH 2 *CH'.CHPb, forms 
thin, irregular, colourless, lustrous plates, m, p, 82°, b. p. 211°/11 mm,, 
which in solution show a reddish blue fluorescence. It yields % tetra- 
bromide , separating in colourless, feathery needles, in. p. 194°. 

o.l-Diphenyl- \ a -hexme, CHEtPh’CH**CIHCHPh, is a colourless, 
mobile fluid, b. p. 190°/11 min., D 20 0 9915, V588 ; the hydro- 

bromide is a dark viscid oil. The constitution is indicated by the fact 
that, on oxidation with potassium permanganate, benzoic acid and 
phenylsuccinic acid are formed. 

y-Chloro-a-phenyl propane could not be prepared. y-Bromo-a-phenyl- 
propam is obtained by the action of phosphorus tribromide on hydro- 
cinnamyl alcohol; the colourless liquid has b. p. I09°/ll mm. The 
bromide interacts with magnesium, forming propylbenzene and 
diphenylhexane. E. F. A. 

Mobility of the Hydrogen Atoms of the Methylene 
Group in Compounds of the General Formal® 

R-S0 2 -CH 2 -CN, R*S0 2 *CH 2 *C0-NH 2 , R*S0 j ,'CH 2 *C0 2 Et. 
Julius TnoaEKand E. Lux (Arch. P harm., 1909,247,618 — 649). — TLe 
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®Jc acids, 
'* 5^ the 


__ $$$&, 540) and further illustrated by Michael apet 
* Reparation of the sodium and alky) derivatives of the former (-ausir., 
1884, 319 ; 1885, 906 ; 1890, 781), suggests that the groups RS0 2 and 
C6 s Et exert the samo influence as the groups RCO and C0 3 Et on the 
neighbouring methylono group. The mobility of the methylene 
hydrogen atoms in arylsulphoncacetonitriles has already been shown 
to some extent by Troger and Hillo (Abstr., 1905, i, 336), whilst the 
^similar behaviour of such nitriles and phenylacetonitrile with amyl 
nitrite and sodium ethoxide and with aldehydes and sodium hydroxide 
lias been manifested by Troger and Prochnow (Abstr., 1908, i, 798). 
The present paper deals with the influence on the methylene hydrogen 
atoms of compounds RS0 2 *CH 2 X exerted by different groups X (where 
C0 2 R, CO*NH 2 , or CX), the case of arylsulphonated acetamides 
l&ing of special interest, since Troger and Lindner (Abstr., 1908, i t 
Jpa3) have shown that the methylene hydrogen atoms of the corre- 
sponding arylsulphonated thioacetamides are not replaceable by alkali 
metals or alkyl groups. The results of experiments on arylsulphonated 
acetonitriles, amides, and esters with alkalis, alkyl liaiides, aldehydes, 
hud amyl nitrite and sodium ethoxide show that in these compounds 
^the group CO*NH 2 does not act like CN, and exerts an influence similar 
to, but weaker than, that of the group OQ 2 Et. For example, with 
alkalis, arylsulphonated acetic acids yield carbon dioxide and sulphones; 
their esters yield disodium. derivatives; arylsulphonated acetamides are 
insoluble in sodium hydroxide, and arylsulphonated acetonitriles, 
although soluble in dilute sodium hydroxide, are not hydrolysed even 
■ % boiling, this only being effected by concentrated hydrochloric acid 
under pressure. The action of alkali and alkyl halides on 
, ; > RS0 2 *CH 2 *(X) 2 Et 

leads, as is known, to the formation of mono- and di-alkyl derivatives,, 
on RS0 2 *CH o *CN only to the production of dialkyl derivatives, and o|| 
RSQ 2 ‘CH 2 *Cb*NH 2 results in simple hydrolysis by the alkali. ^ 
Amyl nitrite and sodium ethoxide simply hydrolyse arylsulphonatw 
acetic esters, but react smoothly with the amides and nitriles to forts 
i&mitroao-compounds by replacement of the methylene hydrogen atoms. 
The compounds obtained from the nitriles have the formula 

>u rso 2 *c(:noh)-cn, 

and the following oximes and their derivatives are described ; the 
sodium and silver salts are yellow powders, and the lead salts yellowish- 
white powders. 

E. 

Ph 

^-C fi ll 4 Mc .. 

p-C 0 H 4 Cl 147 

y-C fi H 4 Br — 

i>-0 6 H 4 1 171 

OMe*C 0 H 4 152 

! OEt’C 6 H 4 

The following compounds, RS0 2 , C(IN0H)*C0*KH 2 , are obtained id 



Methyl 

Benzyl 

Benzoyl 

Acetyl 


ether. 

ether. 

derivatives, 

derivatives, 

in. p. 

in. p 

*M>. 

m. p. 

m. p. 

— 

57° 

7c° 

153“ 

91° 

— 

99 

90 

— 

— 

147° 

115 

SO 

162 

126 - 



125 

98 

171 

149 

171 

125 

129 

175 

166 

152 

94 

102 

— 

— • 

147 

87 

97 

— 

— 
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®Sy t Iom arylsulphonated acetamides ; the 

m 153° (deeomrf ; 

'-C 6 H 4 Br, 152° (decomp.)*; BS=p-C 6 E 4 I f ‘ 

.. 1 iodium, silver, and lead salts have been prepared. ' 
w |ttid Prochnow ( loc . cit.) have shown that arylsulphona$e& 
acetonitrtms; like phonylaeetonitrile, readily condense with certain 
aromatic aldehydes in the presence of a little sodium hydroxide; 
Aryl *ul$>ona ted acetamides or acetic esters do not condense with 
aldehydes as a rule, but from sallcylaldehyde the same compounds, 

Urr n u are obtained by loss of water and ammonia and 

water and ethyl alcohol respectively. Of such compound?, the 
following are mentioned: It =* Ph, 219°; K ~ p-C 6 U 4 C1, 243°; 
B^p-C^Br, 244° ; R«j>-C fl H 4 I, 248°. 

The bromination of arylsulplionated acetic acids, esters, and amides 
does not proceed smoothly, but the nitriles yield compounds, 

RS0 2 *CBr 2 *CN, # , 

which are also obtained by the action of bromine on the sodium salts , 
of the corresponding oximes: R = Ph, 123°; R =y;*C 0 H 4 Cl, 126° 
B=y>-C 6 H 4 Br f 129°; R=^C 6 H 4 I, 131°. 0. S. 


Aniline Antimonyl Tartrate. PaubYvon (Cornpt. rend., 1910, 
150, 283 —2 85) .—Clarke’s salt, C 4 H 5 0 6 (8b0)-C r H r N (Abstr., 1882, 
1051), separates with 1 mol. H 2 0 when allowed to crystallise from an- 
aqueous solution at 15° ; the crystals deposited at 35° are anhydrous. 
The hydrated salt forms stellate clusters of long prisms, which become 
opaque on exposure, losing water of crystallisation. 

In 2 — 5% aqueous solution, the anhydrous salt has [a]!, 7 121 *28°^ 
D 18 2T12 ; one gram of the substance is soluble in 6 36 grams of water 
afc 15°. The hydrate has [a]|? 115*61°, IP 1*569. 

The solubilities in water and alcohol at different temperatures are 
given, and also crystallographic details of the anhydrous salt. 

* ,1V. 0. W. 

Complex Compounds of Aluminium Bromide with Organic 
Compounds. Iwan A, Kablukoff and An. Sachanoff (J. 

Phyg. Chem. Soc 1909, 41, 1755—1762. Compare Menschutkiu, 
Abstr., 1909, i, 897, 900). — Investigation of the melting-point curve* 
of mixtures of aluminium bromide with benzene, toluene, xylene, 
naphthalene, dibromomethane, bromobenzene, and j;-dibromobenzene 
indicates either a slight tendency of these organic compounds to give 
double compounds with aluminium bromide, or the extreme instability 
of such complex compounds. It seems, indeed, that for stable 
compounds to he formed with aluminium bromide, the presence of. 
oxygen or nitrogen in the organic component is a necessary condition. 

With aniline, four compounds are formed by aluminium bromide j 
AVBr 6 ,2NH 0 Ph, m. p. 90°; Al*Br 6 ,3NH„Pb, m, p. 114°; H 

Al 2 Br 0 ,4NH 2 Pli, 

in. p. 105°; Al 2 Br 6J 8NH 2 Ph, in. p. 122°. These compounds dissolve 
in benzene or elber, and are decomposed by water, giving aluminium 
hydroxide and aniline hydrobromide. 
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y>-Bromoaniline gives two compounds : A^Br^SOgH^Br’NHg, m. p. 
140°, and A^Br^SC^Br-NH,, m. p. 125°. Diphenylamine gives the 
compound A] 2 Brf,2NHPh 2 , m. p. somewhat above 200° j dimethyl- 
aniline, ALBr fl ,2NMe 0 Ph, m. p- 95° ; methyianiline, 

2 " Al 9 Br 6 ,2N HMePh, 

m. p. 78°; nitrobenzene/ Al 2 Br 6 ,2Ph-N0 2 , m. p. 84°; pyridine, 
Al Br«,4CtNH., m. p. about 170° (decomp.) j benzonitrile, the three 
compounds: Al 2 Br 6 ,2Ph‘CN, m- p. 140—150°; Al 2 Br 65 3Ph-CN, m. p. 
about 140°, and Al 2 Br 6 ,4Ph-CN, m. p. about 150°. 

Of the oxygenated compounds, acids, alcohols, aldehydes, and 
ketones form double compounds with aluminium bromide (compare 
Walker and Spencer, Trans., 1904, 85, 1106). Further, esters of 
benzoic acid give compounds of the formula A^Br^PlvCOgll, that 
formed by methyl benzoate having m. p. 100°. Fsters of fatty acids 
react energetically with aluminium bromide, hydrogen bromide being 

evolved. . t 

The double compounds formed by aluminium bromide with organic 
nitrogen compounds are more stable than those containing organic 
oxygen compounds. The existence of complex compounds containing 
an odd number of molecules of an organic compound leads to the 
conclusion that the aluminium bromide present exists in the form of a 
doubled molecule, Al 2 Br 0 . T. H. P. 


Preparation of Sodium Arylimides, Deutsche Gold- it 
Silber-Schjeide-Anstai.t (D.R,P. 215339). — The replacement of an 
aminic hydrogen atom by sodium in aniline lias been shown to occur 
only after prolonged heating at a high temperature. 

It is now found that the reaction takes place much more readily in 
the presence of a catalytic agent, such as copper, nickel, cobalt, or any 
other heavy metal, its oxide, or salt. . 

Under these conditions, sodium reacts with aniline at 140°; the 
reaction also takes place with o-toluidine or methyianiline ; the 
products are hygroscopic, fairly-stable substances, but are decomposed 
by water into sodium hydroxide and original base. F. M. G. M. 

Preparation of Cerium Phenoxides. Chemiscite Faerik aui 
Aktien vorji. K. Bchering (D.K.-P. 214782).— The compounds 
formed by the interaction of cerium salts with phenolic compounds 
have similar disinfectant properties to the bismuth phenoxides, but 
are less toxic and irritating than the phenols themselves. 

. Cerium phenoxide, prepared from cerium nitrate, phenol, and sodium 
hydroxide, is pale brown, odourless, and insoluble in water ; it contains 
31% cerium. 

Cerium o-methoxy phenoxide analogously prepared is pink, insoluble 

in water, but soluble in alcohol, chloroform, or ether. 

Cerium B-naphthoxide has similar properties, and contains 30% 
of cerium. 


• Behaviour of Phenyl Sulphide towards Hydrogen Peroxide. 
Oscar Hinsberg (Her,, 1910, 43, 289— 290).— When a solution of phenyl 
sulphide in glacial acetic acid is treated with the equivalent quantity 
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of hydrogen peroxide at the ordinary temperature, phenyl sulplioxide 
is formed (cobapare Abstr., 1908, i, 875). If, however, an excess (more 
than 2 gram- molecules) of hydrogen peroxide is used, and the mixture 
kept at the room temperature, crystals of phenylsul phone begin to form 
after a few days. The quantity of sulphone is increased by precipita- 
tion with water. Phenyhulphoxide could not be detected in the 
reaction mixture. 

If acetone is used as the solvent (compare Smiles andGazdar, Trans., 
1908, 93, 1833) there is no action between phenyl sulphide and 
hydrogen peroxide at the ordinary temperature. Reaction only takes 
place after heating for an hour in a sealed tube at 80 — 100°, and even 
in the presence of excess of hydrogen peroxide, only phenyl sulphoxide 
is formed. 

It is assumed that when glacial acetic acid is used as the solvent, 
it takes part in the reaction, owing to the formation of peracetic acid, 

ch 3 *co-o-oh. T. S. P. 

p-Tolyl Trisulphide. Bror Hoimberg { Her ., 1910, 43, 226—227). 
—The author has shown previously (Abstr., 1908, i, 308) that the 
merraptans and thionyl chloride interact, with the formation of 
disulphide, trisulphide, water, aD<! hydrogen chloride. He now finds 
that thionylaniline also reacts with mercaptans ; with ethyl mercaptan, 
thioglycollic acid, and ethyl thioglycollate, the reaction is so violent 
that the reagents must be diluted with ether or carbon tetrachloride. 
It is, however, very difficult to isolate pure products from the reaction 
mixture. 

When p-tolyl mercaptan is used, the trisulphide is readily isolated. 
The mixture of the mercaptan and thionylaniline was heated on the 
water-bath. After cooling and remaining for a few days, a solid 
separated, which had m. p. 81—82°, and proved to bep-tolyl trisulphide. 
It forms small plates, thin prisms, or needles, and is pale yellow. The 
crude solid was contaminated with a yellow oil, which wa3 a mixture 
of aniline, p-tolyl disulphide, and aniline sulphate, the latter compound 
resulting from the hydrolysis of some of the thionylaniline by water 
formed in the reaction with the mercaptan : 

4RSH + C (1 H 5 N:S0 - RoS, + KJ3, + H 2 0 + C«H,*NH r 

The following summary shows that the melting points of the thio-di- 
acetic acids and of the jo-tolyl sulphides show a regularity similar to 
that observed in many homologous series of carbon compounds. 
However, the member with an uneven nnmber of sulphur atoms has 
a higher melting point than the next member with an even number. 


S(CH.i* 

CO.,H)j 

129 ° 

p-{ C fi U 4 Me),S 

S,(CHo 

•COoH), 

109 

p-{ C ti ll 4 Me) 2 S, 

S,(CH, 

•co:Hj; 

121 

l»-(l , 8 H 4 Mei a 8 s 

S,(CH s 

;COM)l 

113 

p-(C B H 4 Me),S 4 


* T. S. P. 

Phenan throne Series. XXVI. Conversion of 9-Chloro-10- 
hydroxyphenanthrene into other Phenanthrene Derivatives. 
Julius Schmidt and Hermann Lumvp (Her., 1910, 43. 423 — 438). — 
9-Chloro-l 0-hydroxyphenan threnc (Abstr., 1909, i, 35) can be used for 
VOL. XCVIIl. i. 
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the preparation of 3-nitrophenanthraquinone (Joe. eit.), of 9 : 10-chloro- 
3-bromohydroxyphenanthrene, and other phenanthrene derivatives, 
9(10)- Ckloro-'i-hromo l Oityhydroxyphenanthrene, . C 14 H g OClBr, pre- 
pared by the action of a carbon disulphide solution of bromine on 
9-chloro-10-hydroxyphenanthrene, forms colourless prisms, m. p. 142°, 
and dissolves in aqueous solutions of alkalis. Its acetyl derivative, 
C, K H lft 0 9 ClBr, has m. p. 158—159°, and the benzoyl derivative, 

“ 1 e. 21 H 12 0jQBr, 

Which crystallises in yellow prisms, m. p. 179 — 180°. 

When reduced with zinc dust and glacial acetic acid, the bromo- 
derivative yields 3-6rowto*9(l 0) - hydroxypkenan threne, C 14 H^OBr, which 
could not be crystallised on account of the readiness with which it 
dissolves in most solvents. Its acetyl derivative, 0 16 H n 0 2 Br, crystal- 
lises in pale yellow prisms, m. p. 1 35°. The position of the bromine 
atom in the chlorobromohydroxyphenanthrono follows from the readi- 
ness with which it can be oxidised by chromic acid to 3-bromophen- 
onthraquinone (Schmidt and Ladner, Ber. } 1905, 37, 3571), which 
appears to exist in yellow and reddish-brown chromo-isomerides. 

The dioxime , C 14 H 9 0 2 N 2 Br, prepared by Schmidt and Soil's method 
(Abstr., 3907, i, 630), forms green, crystalline aggregates, m. p. 212° 
(decomp.). The monosemicarbxzone, C 15 H 1() 0 2 N 3 Br, forms yellow 
crystals, m. p. 242° (decomp.), and the monophenylhydrazone, 
^20^13^^2^ r 2» 

has m. p, 177°. 

The quinone can be reduced to the quinol by means of phenylhydf 
azine, but it is difficult to isolate tho free dihydroxy-compound. Its 
acetyl derivative, 3-&romo-9 : 1 0-diacetoxyphenanthrene, C 18 H l3 0 4 Br, 
■crystallises in colourless needles, m. p. 177 — 178°. 

3:9(10 )~D iky droxy phenanthrene, C 14 H s (OH) 2 , formed when the 
3-bromo-9(10)-hydroxy -compound is fused at 340° with potassium 
hydroxide, crystallises in colourless prisms, m. p. 175°. The yield is 
small. 

Fuming nitric acid converts the bromophenanthraqumone into a 
dinitro- derivative, C 14 H.-O 0 N 2 Br 2 , which crystallises in pale yellow, 
slender needles, m. p. 298° The monoxime , C 16 H 6 0 6 N 3 Br, forms green 
prisms, m. p. 196° (decorap.) ; the semicarbazone , 0 15 H 8 0 6 K s Br, forms 
yellowish -brown prisms, m. p. 272°. 

The dinitnMjuinonc condenses with an alcoholic solution of o-phenyl- 
enediamine hydrochloride, yielding d-bromodinitrophenanthraphenazine, 
C^lLjO^Br, as a reddish-white powder, and, when heated on the 
water-bath with concentrated aqueous ammonia, the quinone yields 
3 -bromonilroaminophenanthraqiiinone f K0 2 , 0 14 H fi Br0 2 , NH 2 , as a dark 
brown substance, m. p. 280—282° (decomp.). The diacetyl derivative, 
0 18 H u 0 c N 2 Br, forms an ochre-yellow powder, m. p. 260° (decomp.). 

Reduction of the 3-bromodinitrophenanthraquinone with tin and 
concentrated hydrochloric acid leads to the formation of 3 •cldoro- 
diaminophenantkraquinol , which can be readily oxidised by atmospheric 
oxygen to 3 ‘chlorodiarnmophenanthraquinone, C 14 H 5 C10 2 (NH 2 ) 2 . The 
base can be diazotised readily, and the diazo-solution forms azo-dyes 
with phenols. The dioxime , C 14 H u 0 2 N 4 CI, forms a deep bluish-black 
powder, m. p. 264° (decomp.). When the diamino compound is diazo* 
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Ijsed aod;, J|rt»e solution boiled, 3'chlorodihydroxyphenanthraquinone, 
{^H 5 Cl0e{0H) 2 , is obtained as a dark red powder, which is not a 
substantive dye. The acetyl derivative, C ls H u O g Cl, forms brownish-red 
crystals, p. 245°. J. J. S. 

Preparation of Carbonateguaiacol-5 sulphonic Acid and ita 
Salts. F. Hoffmann, La Rochis & Co. (D.R.^P. 215050. Compare 
Abstr., 1909, i, 789). — The preparation of carbonatoguaiacol-5- 
sulphonic acid and its salts by the action of concentrated sulphuric 
acid on guaiacol carbonate has been described previously. The free 
acid forms colourless to dark red, hygroscopic crystals ; its cold aqueous 
solution gives no colour with ferric chloride, but, on heating, carbon 
dioxide is evolved. 

Potassium carbonatoguaictcol-o-sidphonate crystallises in needles, bas 
a neutral reaction, gives no colour ..with ferric chloride, but by pro- 
longed boiling of its aqueous solution is decomposed into potassium 
guaiacol- 5 -sulphonate with evolution of carbon dioxide. 

F. M. G. M. 


Hydroxyphenylalkylamines and Dihydroxyphenylalkyl- 
aminea. Carl Mannich and W. Jacobsoitn (Ber. f 1910, 43, 
189 — 197. Compare Rosenmund, this vol., i, 106; Barger, Trans., 
1909, 95, 1123, 2193). — Homologues of p-hydroxyphenylamine have 
been obtained by reducing aldoximes or kefcoximes to bases of the type 
0 Me-CeH 4 -CH 2 *CHR-NH 2 or C 6 H 3 (OMe) 2 -CH. 2 ‘CHR*NH 2 , and 
converting these by heating with hydriodic acid into the corresponding 
phenolic amines. The ketones selected were p-methoxybenzyl methyl 
ketone, 3 : 4 methylenedioxy benzyl methyl ketone, and 3 : 4-dimethoxy- 
beozyl methyl ketone ; the aldehydes were p-methoxyphenylacet- 
aldehyde and 3 : 4-dirnethoxyphenylacetaldehyde. 

To obtain p-methoxy benzyl methyl ketone, b. p. 136 — 140°/1*2 mm., 
anethole was converted into the di bromide, and this into the bromo- 
hydrin, OMe , C ( .H 4 *CH(OH) , CHMeBr, which on heating with alcoholic 
potassium hydroxide gave anethol oxide ; this, on heating at 220°, 
undergoes rearrangement to the ketone, OMe'CgH^CHj’COjMe. The r 
oxime, on reduction with sodium amalgam in acetic acid solution, 
forms p-methoxyphenylisofn'opylariiine, OMe’CgH^’CHj’CHMe’is II 2 , a 
colourless, strongly alkaline oil, b. p. 1 5 8°/ 2 5 mm. ; the hydrochloride 
forms large, colourless crystals, m. p. 210°. 

y-Ilydroxyphenylisopropylamine crystallises in colourless rosettes, 
m. p. 125 — 126°; the kydriodide has m. p. 155°. 

iso Eugenol methyl ether broinohydrin, C 0 H s (OMe) L( *OH(OIl)'CHMeBr, 
has m. p. 7tt°. It yields the oxide already described by Fourneau and 
Tifiene»u (Abstr., 1905, i, 591), which readily undergoes rearrange- 
ment to 3: 4-dimethoxybenzyl methyl ketone, b. p. 198°/20 mm. 

3 : i-Dijnethoxyphenyl'u-opropylamiue is an almost colourless oil, 
b. p. 166 — 168°/ 20 mm. ; the hydrochloride has m. p. 144°. 3 :4-Zh- 

hydroxypltenyli s opropyla mine , C c H 3 (OH) 2 , CH 2 *CHMe*NH. 2 , yields a 
hydrochloride t m. p. 190 — 192°. 

* » 2 
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3 : i-Methylenedioxyphenyli&opi'opylamine is a colourless oil, m. o. 
157°/22 mm.; the hydrochloride basm. p. 180, — 181°. 

Homoanisaldehyde, OMe’CgH^CEyCH®, is conveniently pr e . 
pared by oxidation of p-methoxystyrene with mercury oxide and 
iodine ; the oxime forms prisms, m. p, 120° (compare Rosenmund, this 
vol., i, 106). 

The oxime of homoveratraldehyde crystallises in prisms, m. p. 
90 — 91°; the oxime of veratraldehyde has m. p. 82°. On reduc- 
tion, the oxime yields 3 : A-dimeth oxyphenyhthyla mine, a faintly 
yellow-coloured oil, b. p. 1 88®/ 1 5 mm.; the hydrochloride has m. p 
154—155°. 

3 : Dihydro xyphe nylethylamine, C 6 H 3 (OH)./CH 2 *OH 2 *NH 2 , forms 
a crystalline hydrochloride, decomp. 220°; it shows a green coloration 
with ferric chloride. E. F. A. 

Quinocarbonium Perchlorates (II) and the Solvent Action 
of Chlorinated Ethanes. Karl A. Hofmann, Heinz Kikmreuthke 

and A. Thal (/ter., 1910, 43, 183 — 188. Compare this vol., i, 3). 

The tripbenylcarbinyl perchlorates crystallise so well that pare 
preparations are readily obtained from impure carbinols. In accord* 
ance with their intense colour, they are easily ionised, so that in 
solvents such as tetrachlorocthano, whioh is unable to dissociate 
triphenylmethyl chloride, they still conduct the electric current. 

Aurin perchlorate forms doubly refractive, four-sided prisms, which 
in direct light are orange-red with a light blue reflex. yi-Trianisyb 
carbinol perchlorate (compare Gomberg and Cone, this vol., i, 55) 
crystallises in cinnabar-red, flat needles. It is relatively stable towards 
water. 

Triphenylcarbinyl perchlorate dissolves with a reddish-yellow 
coloration in tetrachloroethane, and tri-^-anisylcarbinol perchlorate 
with an intense orange coloration. Both solutions conduct electricity, 
likewise those of the perchlorates in ethylene chloride. 

The solubility of the perchlorates in a number of solvents has been 
compared by the intensity of the colour produced in the saturated 
solution. The solvents take the following order, the more highly 
coloured coming first : ethylene chloride, tetrachloroethane, chloro- 
form, dichloroethylene, pentachloroethane, trichloroethylene, per- 
chloroethylene, carbon tetrachloride. The last two or three solvents 
only become coloured when boiled with the perchlorate. Mercuric 
chloride dissolves in these solvents in precisely the same order, the 
solubility being greatest in ethylene chloride and almost nothing in 
carbon tetrachloride. This confirms the view that the perchlorates 
are of the nature of metallic salts. 

The solvents dissolve sulphur in an altogether different order, 
ethylene chloride being the least, porchloroethylene the most, effective 
solvent. E. F. A. 

Action of a-Bromonaphthalene and Magnesium on Certain 
Carbonyl Compounds. E. Schurakovsky (J. Zfoss. Pkys. Che m, 
Soc 1909, 41, 1687 — 1694). — The interaction of a-bromonaphbhaleue, 
magnesium, and acetone yields the compound MgBrO‘CMe 2 
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which is decomposed by water, giving a-naphthyldimethylcarbinol 
(compare Grignard, Abstr., 1901, i, 393). When heated with 
anhydrous oxalic acid, this alcohol yields /J-naphfchylpropylene 
(Grignard, loc. cit,), b. p, 25 1 —25 1 *5°/744 mm., Df 1-0078, 
n 25 1 -60684 ; the molecular refraction, calculated according to the 
Lorenz and Lorentz formula, is 57*554, which, as is often the case 
with naphthalene derivatives, differs considerably from the calculated 
value, 55*387. 

p-Tolyl-a-naphthylmethylcarhiml, C c H 4 Me‘CMe(C ]0 H 7 )*OH, prepared 
from a-bromonaphthalene, magnesium, and tolyl methyl ketone, was 
obtained as a dark viscous, impure mass. When heated with 
anhydrous oxalic acid, this alcohol loses water, giving as-a-naphthyi-p- 
tolylethylem, C 6 H 4 Me*C{G\ 0 H 7 ):CH 2 , which is a viscous, faintly 
yellow liquid, b. p. 224 — 226°/20 mm., DJ 15 * 1*0693, and combines 
with 2Br per mol. 

Anisyl-a-naphthylcarbinol, OMe*C 6 H 4 *CH(C Jft H 7 )‘OH, prepared 
from a-bromon&phthalene, magnesium, and auisaldebydo, crystallises 
in small needles or rhombic prisms, m. p. 87°. 

a -tfaphthylpropenylcarbinol, CHMeXH*CH(C l(J H 7 )*OH, prepared 
by the interaction of a-bromonaphthalene, magnesium, and croton- 
aldehyde, is a faintly yellow, viscous liquid, b. p. 204 — 210°/22 mm. 

T. H. P. 

Preparation of Nitriles. E. Emmet Keii> (Amer. Cfam. J., 1910, 
43, 162—181). — It was shown by Letts (Abstr., 1872, 1020) that 
nitriles can be prepared by the action of potassium thiocyanate on 
organic acids. Kriiss (Abstr., 1881, 1314) found in the case of 
benzonitrile that a better yield could be obtained with lead thio- 
cyanate than with the potassium salt, the reaction being represented 
by the equation : 

2C e H 5 *C0 2 H + Pb(CNS), = 2C^K-*CN + PbS + H.,8 + 2C0 2 . 

In attempting to prepare benzonitrile by truss' method, the yield 
obtained amounted to only 36% of the calculated, and it was observed 
that only a very small quantity of hydrogen sulphide was evolved. 
It was therefore considered likely that the hydrogen sulphide might 
have entered into the reaction and led to the formation of complex 
products. In order to avoid the formation of hydrogen sulphide, a mix- 
ture of lead benzoate and lead thiocyanate was heated, and it was found 
that, in these circumstances, a much better yield of benzonitrile was 
obtained. Experiments have been made to ascertain the effect of heating 
lead, sodium, zinc, and barium benzoates with potassium cyanate, lead 
cyanate, potassium thiocyanate, lead thiocyanate, barium thiocyanate, 
lead ferrocyanide, lead cyanide and sulphur, lead ferrocyanide and 
sulphur, zinc ferrocyanide and sulphur, potassium ferrocyanide and 
sulphur, and silver cyanide and sulphur. In each case a considerable 
quantity of benzonitrile was obtained. The results of these experi- 
ments are tabulated, 

The best method of preparing benzonitrile in the laboratory is to 
distil a mixture of dry zinc benzoate and dry lead thiocyanate, a yield 
of 79 — 91% being thus obtained. A mixture of equivalent quantities 
of lead ferrocyanide and sulphur may be used instead of the thiocyanate 
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and, in this case, a yield of about 74% is produced. The formation of 
the benzonitrMe takes place as follows : : 

Zn(C0 2 *C 6 H 5 ) 2 + Pb(CNS) 2 = PbS +.ZnS + 2C0 2 + 2C 6 H 6 *GN. 
pn applying this method to other acids, it was found that the 
nitriles of the three aminobenzoic acids, p nitrobenzoie acid, salicylic 
acid, and phthalic acid, could not be obtained in this way, but that when 
lead to- or jj-bromobenzoate was distilled with lead thiocyanate, a 
satisfactory yield of the bromobenzonitrile was produced in each case. 


Action of Alcoholic Hydrogen Chloride on w-Methylnitroso- 
aminobenzoic Acid. Josef Hotjben and Walter Brassert (Ber. t 
1910, 43, 206 — 212. Compare Abstr,, 1909, i, 921). — m- Aminobenzoic 
acid in glacial acetic acid is treated with methyl sulphate. After 
one hour’s heating and keeping for twelve hours, the crystals of 
TO-aniinobenzoic acid sulphate are removed, and the filtrate is treated 
with sodium nitrite at 0°, whereby m-meAhylnitrosoaminobenzoic acid - , 
NO‘NMe*C 0 H 4 *CO 2 H, m. p. 179— 180° (bath previously at 16U°), is 
obtained, which separates, slightly impure, from water in blood-red 
leaflets, and is converted after two weeks by alcoholic hydrogen 
chloride into ethyl m-methylaminobenzoate hydrochloride , m. p. 137° 
(coir.), which is converted into ethyl m metkyhiitrosoaminobenzoate, m.p. 
32°, by nitrous acid at 0°. After twenty-four hours, wi-methyinitroso- 
aminobenzoic acid and alcoholic hydrogen chloride yield m -mthylamirw- 
benzoic acid hydrochloride , C0 2 H*C 6 H 4 *NHMe,IICl, m. P- 244°, 
which is converted by A-sodium hydroxide into TO-metbylaminobenzoic 
acid, m. p. 127° (corr.). 


New Drugs. V. Alfred Einhorn (Annalen, 1910,371, 125 — 131. 
Compare Abstr., 1900, i, 439, 493; 1903, i, 257 ; 1908, i, 312).- 
Mainly a resume of the work which led to the preparation of novocaine 
(w-diethylaminoethyl ^-aminobenzoate hydrochloride: ^compare 
Farbwerke vorm. Meister, Lucius and Briining, Abstr., 1907, i, 923). 
As far as can be ascertained, all soluble aromatic esters, with the 
apparent exception of a-cocaine (compare Willstatter, Abstr., 1896, i, 
707), are capable of producing local anaesthesia to a greater or tas 
degree. Generally speaking, the anesthetic action is destroyed by the 
introduction of a carboxyl or sulphoxyl group into the molecule; 
other substituents, such as halogen, hydroxyl, alkoxyl, mtro, ammo, 
etc., either increase or diminish, but never destroy completely, the 
activity of an aromatic ester. W- H. L». 


Diethylaminoetbyl and Piperidinoethyl p-Aininobenzoatea. 
Alfred Ei niiorn and Emil Uhlfelder (Annalen, 1910, 371, 

131 ]42). — An account of the preparation oE diethylamiuoethyl 

?Miminobenzoate (novocaine), piperidinoethyl /caminobenzoate, ami 
some derivatives of these esters, much of which lias appeared already 
(compare Farbwerke vorm. Meister, Lucius and Briining, Abstr., 190 i, 
i, 923 ; 1908, i, 638). 

Diethylaminoetbyl /j-aini nobenzoate crystallises with 2H.,0 in small 
needles, m. p. 51°; the anhydrous substance crystallises in plates, 
m p. 61°; the following derivatives have been prepared: nurcun- 
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ckloride t •• ijaii^dleis, m. p. 139°; hydriodide , small needles, m. p. 
121 — 122 °; mercuri-iodide, C^H^OoN^IT^Hgl^ small, white needles, 
m. p. 127 nitrate, needles, m. p. 100—101°; argentonitvaU , needles, 
jn, p, 107°; sulphate, prisms, m. p. 170°; chlorate, 

C 1S H 20 O 2 N 2iHCK>3, 

needles, m. p. 89°; hoi'ate , small needles, m. p. 

159 — 100° ; trichloroacetate, prisms, m, p. 89°; thiocyanate , prisms, 
ffi. p. 83°; phthalate , prisms, m. p. 119°; etkochloride, 

NH 2 -0 r) H 4 -CO 2 -OH 2 -CH 2 -NKt 3 Ol,H 3 O, 

prisms, sinters at 135°, and is completely molten at 180°; the anhydrous 
ethochloride has m. p. 198° (decomp.) ; acetyl derivative, a viscid oil, 
the hydriodide of- which, C 15 H 22 0 3 N 2 ,HI, crystallises in small rosettes, 
in. p. 146 — 147 ; the hydrochloride of the benzoyl derivative, 
C. 20 H 24 O s K 2 ,HC1, 

forms small needles, m. p. 189° ; the p-nitrobenzoyl derivative crystal- 
lises in small neodlcs, m. p. 129—130°, and when reduced yields the 
corresponding p -aminobenzoyl derivative, small needles, m. p. 124°, 
the hydrochloride of which, C 20 H. 75 O 3 N 3 ,HCl, crystallises in needles, 
m. p. 221°. 

Piperidinoethyl p-acetylaminobenzaate, C 18 H 22 0 3 N 2 , crystallises in 
needles, m. p. 86 — 87° ; the hydrochloi’ide has m. p. 228°; the ester is 
converted by a hot alcoholic solution of hydrogen chloride into the 
dihydrochloride df piperidinoethyl p-ami nobenzoate, m, p. 225°. 

\V. H. G. 

Alkylaminoalkyl p-Aminobenzoates. Alfred Einhorn; Karl 
Fiedler, Carl Ladisch, and Emil Uitlfelder (Annalen, 1910, 371, 
142 — 161), — The compounds described in this paper were prepared 
subsequently to novocaine, but not one of them is more suitable than 
this substance for the purpose of producing local anaesthesia. They 
are all obtained by the reduction of the corresponding p-nitrobenzoates, 
which are prepared by the action of p-nitrobenzoyl chloride on the 
requisite alkaiuine. 

Dimethylaminoeihyl p-nitrobenzoate, 

N0 2 ;C 6 H 4 -C0 2 -0H 2 *CH 2 -NMe 2 , 

prepared by heating dimethylaminoethyl alcohol with p-nitrobenzoyl 
chloride at 130°, crystallises in slender, matted needles, m, p. 58 — 59°; 
when reduced with tin and hydrochloric acid, it yields the correspond- 
ing «??imo-compound, C n II lG 0 3 K 2 , crystallising in large prisms, m. p. 
121°, the hydrochloride of which, C n H 18 0 2 No,HCl, forms small, slender 
needles, m. p. 185 — 186°. 

Diisopropylaminoethyl p -nitrolenzoate is an oil ; the hydrochloride , 
tyr 22 0 4 K 2 ,HCl, crystallises iu small needles, m. p. 136*5°; the 
corresponding amino-compound, C 15 1I 2 .0 2 N 2 , crystallises in slender 
needles, m. p. 48°, and forms a hydrochloride , crystallising in prisms, 
m. p, 195°. 

Diisobutylaminoethyl p -nilrobenzoate is an oil ; the hydrochloride , 
^] 7 H 2ft 0 4 N 2l HCJl, forms slender, felted needles, m. p. 160 — 161°; the 
«/nmo-compound, C 17 H 2s 0 2 N‘o, small, slender needles, m. p. 84 — 85°, 
forms a hydrochloride , which crystallises in prisms, m. p. 195—196°. 

Dmoamylaminoethyl p -nitrobenzoate is an oil ; the hydrochloride, 
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C iy H 80 O 4 N 2 ,Hei, crystallises in small needles, m. p. 123— 124° ; the 
amireo-compound, CJ lg H 32 0 2 N 2 , leaflets, m. p. 41 — 45°, forms a hydro- 
chloride, crystallising in needles, m. p. 154°. 

Diethylaminomethylmeihylethylearbinol , NEb 2 *CH 2 *CMeEt*OH, pre- 
pared by the action of diethylamiDe on the corresponding cldoro-com- 
pound, is an oil, b. p. 7 1 — 73°/l5’5 mm.; the p -nitrobenzoate is an 
oil, the hydriodide of which, C 10 H 24 O 4 N 2 ,HI, forms pale yellow crystals, 
m« p. 167° ; the p-aminobenzoate is a pale yellow oil, the picrate of 
which, C 22 H 29 O 0 N ft , is a pale yellow, crystalline powder, m. p. 121°. 

Piperidinomethylmethylethylcarbinol, NC 5 H ig *CH 2 *OMeEt*OH, is a 
colourless oil, b. p, 101 — 104°/18 mm. ; the p-nitrobenzoate is a viscid, 
yellowish-brown oil, the hydriodide of which, C l7 H 24 0 4 N g ,HI, crystal- 
lises in yellow leaflots, m. p. 190°; the p-arninobenzoate is an oil, 
crystalline salts of which could not be obtained. 

Diethylaminomethylethylcarbinol has b. p. 197 — 200° (compare 
Paal and Weidenkatf, Abstr., 1906, i, 236); the p -nitrobenzoate is an 
oil, the hydriodide of which, C ]7 H 2 ,.0 4 K,HI, crystallises in yellow 
prisms, m. p. 154°; the hydrochloride of the oily p-aminobenzoate, 
C lY H 28 0gNg,HCl, forms rhomboidal crystals, m. p. 166 — 167°. 

Tetraethyldiaminoisopropyl p -nitrobenzoate, 

K0 2 *C 6 H 4 ‘C0 2 *CH(CH. 2 *NEt 2 ) 2 , 

forms yellow crystals, m. p, 41° ; the dihydrochloride crystallises in 
slender, felted needles, m. p. 198°; the p-aminobenzoate, 
crystallises in colourless leaflets, in. p. 50° ; the dihydrochloride forms 
faintly yellow, slender needles, m. p. 222°. 

Dipiperidinoisoprop yl p -nitrobenzoate, 

KO>C 6 H 4 *CO 2 -CH(CHj*NC 5 H 10 ) 2 , 

is an oil ; the dikydriodide crystallises in lemon-yellow, slender needle?, 
m. p. 232°; the corresponding amino-compound, O 20 H 31 O 2 N 3 , forms* 
colourless prisms, m. p. 137*5°, the dihydrochloride of which crystallises 


iu slender needles, m. p. 261 . 

The p-nitrobenzoate of a-diethylaminopropane-/?y-diol, 
NEt 9 *CH./CH(0HVCH 2 *C0./C ( .H 4 , N0 2 or 

"NEtj-Cir„'CH(CO./C 6 H 4 , NO !! )'CH. 1 -OH, 
is an oil ; the hydrochloride is a microscopic, crystalline powder, m. p. 
152° ; the corresponding amino-ester is an oil ; the di-p-niirobenzoate, 
C 2 iH 23 0 8 N 3 , forms small, yellow needles, m. p. 90 — 92°; the 
di-p-aminoben z oate has m. p. 132°; the hydrochloride, C. 21 H 27 0 4 N 3 ,HC1, 
is a crystalline powder, m. p. 185°. The p-nitrobenzoate of the corre- 
sponding pi peridino-com pound, O 15 H 20 O 5 N 2 , form s leaflets, m. p. 60 — 63°; 
the hydrochloride crystallises in white needles, m. p. 212°; the 
p -aminobenzoate, C 16 H 22 0 3 N 2 , crystallises in prisms, m. p. 91°; the 
hydrochloride forms white needles, m. p. 206 c ; the di-p-nitrobenzoate, 
C 5 NH l0 -CH 2 *CH(CO 2 -O 6 H 4 -NO 2 )«CH 2 ;CO 2 »C 6 H 4 *NO 2 , crystallises in 
pale, yellow prisms, m. p. 108°; the di-p aminobenzoate crystallises in 
prisms, m. p. 127° ; the hydrochloride , C 22 IT 27 0 4 N 3 ,HC1, forms small 
needles, m. p. 210*5°. W. H. G. 


Esters and Alkylataino-esters of 3 : 4-Diaminobenzoic 
Acid. Alfred Einhorn and Emil Uhlfelder ( Annalen , 1910, 371, 
102 — 179. Compare Einhorn, Abstr., 1908, i, 639). — The compounds 
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Ascribed in this paper were prepared with the object, of obtaining 
derivatives of alkyl 3 : 4-diaminobenzoates yielding salts with a neutral 
reaction, which could consequently be employed 'as anesthetics The 
esters of 3 : 4-diammobenzoic acid when boiled with organic acids 
yield esters of 2-alkylbenziminazole-5-carboxylic acid, and when treated 
with acetyl chloride yield tho corresponding dicliloroacetyl derivatives * 
the latter substances interact with secondary bases, for example" 
piperidine, yielding the dipiperidinoacetyl compounds, V ' 

Methyl 2-methylbenziminazole-h - carboxylale 
C(CO ? Me)‘OH:C — N N 

ch — — ch:c-nik CMo 

crystallises “ »eedl«, m. p. 173°; the hydrochloride forms smell 
needles, m. p. 257 ; the ethyl ester crystallises in needles, in, p, 180°. 
Methyl Uthylbenziminazole-5-carboxylate, C TI H l2 0 2 N 2 , crystallises in 
needles, m. p. 141°* the hydrochloride has m. p. 252°. The dibenzoi/l 
derivative of methyl 3 : 4-diaminobenzoate, C,,H I8 0 4 N,„ crystallises m 
small, white needles, m. p. 231° ; the dicliloroacetyl derivative 

C0 2 Me*C ( .H 3 (NH'C0*CH 3 Cl) 2) 

forms needles, in, p. 1<7°| the dipiperidinoacetyl derivative 

C0 2 Me-C 6 H 3 {NH*C0-CH 'NC-H, n ) t 

has m, p. 108°. 8 a l0/ 

Ethyl Z-nitroA-chloroacetylaminobenzoate , C 11 H u O r N 2 Cl, crystallises 
in small, yellow needles, m. p. 102°. Ethyl S-nitroU-piperidinoacetyl- 
aminobenzoate crystallises in yellow needles, in. p. 70—71°, and when 
reduced - with tin and hydrochloric acid below 35° yields the corre- 
sponding ammo-compound, CLH^OjNg, small needles, m. p. 103°, the 
hydrochloride of which crystallises in leaflets, in. p. 204°, whilst at a 
higher temperature it is converted into ethyl 2-pipeTidinometkylbenz- 
iminazole-b-carboxylate, an oil, the dihydrochloride of which 

crystallises in needles, m. p. 227°. The following compounds are 
similarly prepared : ethyl Z-nUroA-dicthylglycylaminobenzoate 
NEt 2 -CH 2 'C0'NH'C ti H 3 (N0 2 )-CUEt, 
yellow needles, m. p. 71° 3 ethyl S-amino-i-diethylylycylaminobmzoate, 
small needles, m. p. 64°; hydrochloride, needles, m. p. 194° 3 ethyl 2- 
dietkylaminomethylbenziminazole- 5 - carboxylale, C li H 21 0 JI N 3) pointed 

needles, in. p. 67° ; hydrochloride , small needles, m. p. 173° 3 dikydro- 
chloride , m. p. 199° 

ClUoroeihyl 3 : 4 -diaminobenzoale, C f} H 3 (NH 2 ) 2 'C0 i} *CH, > ‘CH o CI, is 
obtained by acting on a mixture of 3 : 4-diaminobenzoic acid and 
ethylene cblorohydrin with hydrogen chloride in the presence of a 
small quantity of concentrated sulphuric acid 3 it crystallises in 
needles, in. p. 80°, and, when heated with diethylamine under pressure 
at 100 — 120°, yields the corresponding diethylaminoethyl ester, an oil, 
the hydrochloride of which, C 13 H., 1 0 2 N 3 ,H.CI, forms needles, m. p. 163° ; 
the picmte crystallises in yellow needles, in. p. 189 — 190°. The 
diethylaminoethyl ester undergoes the following changes: (1) with 
glyoxal, it yields diethylaminoethyl quinoxalineS-carboxylate, an oil, 
the hydrochloride of which, C 13 H 21 0. 2 K S ,HC1, crystallises in needles, 
m.p. 187°; (2) when treated with sodium nitrite and hydrochloric 
acid, it yields diethylaminoethyl 3 : 4-uziminolenzoate hydrochloride, 
^ia®-is^^3>HCl, small needles, m. p. 150 — 151° 3 (3) it condenses 
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with ^dimetiydaminobenzaldehyde, yielding a subitanoe, which crystal- 
lises in yellow needles, m. p. 161°, and with benzaldehyde, yielding an 
oily ‘ substance , the kydrochlw'ide of which crystallises in prisms 
m. p. 190°. 

Piperidinoethyl 3 : A-diaminobenzoate crystallises in needles, m.p. 103° • 
when heated with glacial acetic acid, it yields piperidinoethyl 2-methyi 
benziminazole-&-carboxylate } C 16 H 21 0 2 N 3 , needles, m. p. 159 — 160°, the 
hydrochloride and dihydrochhride of which crystallise in needles 
m. p. 162—163° and 262° respectively. 

Diethylaminoethyl Z-nitroAdimethylaminobenzoate, prepared from 
3-nitro-4-dimethylaminobenzoic acid and diethylaminoethanol, is an 
oil ; the corresponding ammo-compound, also an oil, forms a hydro- 
chloride , 0 15 H 25 0 2 N 8 ,HC1, which crystallises in needles, ra. p, 164°, 

Methyl 3 : \-tetramethyldiaminohenzoate dihydriodide, prepared by 
heating methyl 3-amino-4-dimethyIaminobenzoate with methyl iodide 
and methyl alcohol under pressure at 100°, crystallises in needles, 
m. p. 1^9—110° ; the dikydrobromide , 0 12 H ls 0 2 N 2 ,2HBr, crystallises in 
needles, m. p. 205° ; the corresponding diethylaminoethyl ester is an 
oil ; the hydrochloride , 0 ir H 29 0 2 N s , crystallises in small, white needles, 
m. p . 140—141°. W. H. G. 

Isomerism of Anils (Schiffs Bases). Otto Anselmino ( Ber 
1910, 43, 462 — 463. Compare Manchot and Furlong, Abstr., 1909, i, 
805 ; this vol., i, 33 ; Anselmino, Abstr., 1906, i, 13; 1907, I, 913; 
Knoevenagel and Schrotter, Abstr., 1905, i, 64). — Polemical: 

J. J. S. 

Differences between Cinnamic Acid from Storax and 
Synthetical Cinnamic Acid. C. X. Ruber and V. Moritz 
Goldschmidt (Ber., 1910, 43, 453 — 462. Compare E. Erlenmeyer, 
jun., Abstr., 1907, i, 318; 1909, i, 156,647, 648). — Although cinnamic 
acid from storax differs so materially in habit from the synthetical 
acid, it is shown that the characteristic crystallographic constants are 
the same for the two acids. . The chief differences are (a) the extremely 
thin plates in which the synthetical acid crystallises ; ( b ) the absence of 
definite faces in the crystals of the synthetical acid ; the plates as a 
rule have a crinkled edge. 

As the synthetical acid when repeatedly crystallised approaches the 
habit of the storax acid, the conclusion is drawn that the former acid 
is identical with the storax acid, but contains a small amount of an 
impurity which is gradually removed by repeated crystallisation. The 
presence of this impurity retards to an enormous extent the develop- 
ment of the crystals in the direction normal to the faco 6)01 Of. 

By careful fractionation of the ethyl ester of the synthetical acid, 
it has been found possible to isolate a fraction b. p. about 120°/ 
0’2 mm., which when hydrolysed gives an acid containing about 
9% Cl. This acid is probably an impure chiorocinnamic acid, and it is 
shown that when this impure acid or when small amounts of either 
o- or ^-chiorocinnamic acids are added to the acid from storax, they 
alter its crystalline habit and transform it into the characteristic 
crystals of the synthetical acid. The synthetical acid is thus the same 
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acid as that from storax, but contains a email amount of a chloro-acid 
w bich completely alters its crystalline appearance. * 

firlenmeyer’s hetero-acid contains a larger proportion of the cWoro- 
acid than does the synthetical acid. 

Erlenmeyer states that specimens of beozaidehyde which are free from 
chlorine yield the synthetical acid. It is shown that small amounts 
(0'B%) of 0 -nitrocinnaiaic acid have the same effect on the crystalline 
habit of the storax acid as larger amounts of the chloro-acids. 

Erlenmeyer’s a- and /Lciunamic acids are regarded as dimorphous 
forms (compare Lehmann, Zextsch. K*yst. A (in., 1885, 10, 329). 

J. J. S, 

Transform ationa of ftffo-Citmamio and tsoCinnamic 
Acids. Carl Liebermann and H. Trucksass (Ber. t 1910, 43, 
411 — 414. Compare this vol., i, 36). —It is shown that when 
aZfocinnamie or wocinuamic acid of m. p. 58 3 is crystallised from 
carefully rectified light petroleum (b. p. 30—40°), crystals of the 
iso-acid, m. p. 42°, can usually be obtained if proper precautions are 
taken. The method consists in introducing a comparatively dilute 
solution of the acid into a glass tube by means of a suitable funnel, and 
then boiling the solution for some little time, so that the walls of the 
tube are thoroughly purified, and also that the solution may be con- 
centrated. The tube is then sealed, and when placed in ice-cold 
water or in a freezing mixture, crystals of the acid in. p. 42° separate. 
These occasionally become transformed into the less fusible acids 
during transference from the tube. J. J. S. 

Mechanism of the Transformation of a-Hydroxy-/?y-un- 
saturated Acids into the Isomeric y-Keto-acids. Emil Erlen- 
mbyer (Festschrift Otto Wtdlach, 1909, 404—413). — A discussion on 
the course of the intramolecular rearrangement of a hydroxy-/Jy-un- 
sat nra ted acids into y- ketones (compare Fittig, Abstr,, 1897, i, 14 ; 
1898, i. 196), based on the authors investigations (compare Abstr., 
1898, i, 668 ; 1903, i, 32, 414 ; 1904, i, 500, 892, 1025). W. H. G. 

[Preparation of Triphenylmethane Colouring Matters from 
Diortho-substituted Benzaldehydes.] Axilixfarben- & Extrakt- 
Fatsriken yorm. J. K. Geigy (D.R.-P. 213502. Compare Abstr., 
1908, i, 986). — It has been shown previously that the diorthosub- 
stituted benzaldehydes when employed in the production of triphenyl- 
methane dyes yield colours of remarkable depth, and fastness ; it is 
now found that these properties are enhanced when the two ortho- 
substituents consist of different halogen atoms. The following new 
aldehydes are described : 

2-Chloro - 6 - broniobeitzaldehyde, prepared from 2-nhloro-6-bromo- 
tolucne, forms colourless, spear-shaped crystals, m. p. 68°. 

2-Chloro-A : §-dibromQ-d-aminobe}izaldeht/de, m. p. 124°, a colourless, 
crystalline powder, is obtained by the brominatioii in aqueous suspension 
of 2-cliloro 5-aminobenzaldchyde. 2:4: b-Tribromo 5-amiuobenzalde- 
hyde, m. p. 136 — 137 . '24'fdoro - 1 : ^-dibromo-o- hydro.i-ybenzaldekyde 
crystallises in dark yellow needles, and has in. p. 116°. 


F. M. G. M. 
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p-Methoxyeallcylaldehyde. Paul FriedlXnder (Monatsh., 1909 
30, 879 — ' 881 ), — Since /j-ruethoxysalicylaldehyde (o-hydroxyarug! 
aldehyde), prepared by the action of sodium hydroxide on 4-methoxy-2- 
keto-l-indoxylbenzene (compare Friedlander and Schuloff, Abstr. 

1908, i, 674), did not have the properties of the o-hydroxyanisaldehyde 
described by Tiemann and Parrisius (compare Abstr,, 1881, 270), the 
compound has been prepared by the method employed by these 
investigators, also by the action of methyl sulphate on 2 : 4-dihydroxy- 
benzaldehyde, and found to be identical with that derived from 
4-methoxy-2-keto-l-indoxylbenzene. It is shown, further, that the 
substance obtained by Gouldiug and Pelly from Chlorocodon Whiteii 
(Proc., 1908, 24, 62) is o-hydroxyanisaldehyde. 

o-Hydroxyanisaldehyde has m. p. 41° ; the oxime has m. p. 138°; 
the phenylhydrazone has m. p. 138°; the aldazme , 
[OMe*C 6 H 3 (OH)‘CH:N“] 2 , 

forms small, greenish-yellow crystals, m. p. 220°. W. H. G. 

Orthovanillin |2-Hydroxy-3-methox.ybenzaldehydeJ and its 
Derivatives. Francis A. M. Noelting (Bull. Soc. Ind. Mulkome , 

1909, 79, 401 — 430). — The compound described by Tiemann and 
Koppe as /3-m-methoxysalicylaldehyde (compare Abstr., 1882, 54) is 
definitely shown to be 2-hydroxy-3-methoxybenzaldehyde, for, when 
treated with acetic anhydride, it yields 8-methoxycoumarin. 

A large number of hydroxy- and methoxy-derivatives of benzald- 
azine and benzylideneaniline have been prepared with the object of 
ascertaining the effect of these groups on the colour of the substance. 
It is found that the para-derivatives of benzaldazine are the most 
highly-coloured, whilst the ortho-substitution products of benzylidene- 
aniline are more intensely coloured than the corresponding para- 
isomerides ; for example, vanillaldazine is golden-yellow, whilst 2-hydr- 
oxy -3 - methoxybenzyaldazine is lemon-yellow ; 2-hydroxy -3-methoxy 
benzylideneaniline is orange, whilst the 4-hydroxy-isoineride is pale 
yellow. The ortho-, meta-, and para -hydroxy-derivatives of benzylidene- 
aniline are lemon-yellow, white, and pale yellow respectively; the 
methyl ethers are all colourless, although the hydrochlorides are 
lemon-yellow ; the methoxy-derivatives of the methyl ethers are not 
coloured, although the introduction of a .methoxy-group into the 
hydroxy-derivatives increases the colour. Derivatives of benzyl- 
ideneaniline containing a hydroxy- or methoxy-group are rendered 
more intensely coloured by the introduction of a hydroxy-group. 

2-Hydroxy - 3 - methoxybenzaklehyde crystallises in pale yellow 
needles, in. p. 45’5°, b. p. 265 — 266°; it dyes wool an intense yellow, 
and silk a pale yellow ; the m. p.‘s of various mixtures of this com- 
pound with vanillin are recorded ; the sodium salt, C 8 H ? 0 3 Na,H 2 0, 
crystallises in lemon-yellow plates ; the benzoate crystallises in small, 
white needles, m. p. 74 — 75°; the oxime crystallises in white needles; 
the phenylhydruzone , OMe , C 6 H 3 (OH) , CHiN*NHPh, forms colourless 
needles, m. p. 130 — 131°; the phenylmethylkydrazone forms colourless 
crystals, m : p. 62°. The methyl ether, C 6 II 3 (OMe) 2 , CHO, crystallises 
iD white needles, in. p. 52 — 53°, and dissolves in concentrated sulphuric 
acid to a blood -red solution ; the finely-divided substance produces 
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violent sneezing; the oxime has m. p, 98—99°; the phenylkydmzone, 
jh n, 138°, ia white. The pavent substance couples with diazo- 

3 / . , t A , i. C(CHO):CH— c*n 2 r 

compounds, forming compounds of the ‘yP 6 J (0H) ; C(0Jl6) .y H 

and forms condensation products with the following bases, the colours 
of which only are given: a-naphthylamine, scarlet; /3-naphthylamine, 
crimson ; jj-toluidine, orange ; ^-anisidine, yellowish-orange; p-phene- 
tidioe, yellowish-orange ; o-chloroaniline, bright red ; dichloroaniline, 
bright red ; jp-nitroaniline, orange-red ; m-nitrotoluidine, orange-yellow; 
p-phenylenediamine, scarlet ; benzidine, brick-red. 

o-Meihoxybenzylideneaniline , m. p. 44°, is white ; the wieta-isomeride 
is also white; 3 : i-dihydroxybenzylideneaniline, m. p. 172°, is bright 
yellow, whilst the dimethyl ether , m, p. 81°, is white ; 2-kydroxy-d- 
i mthoxybenzylideneanUine , m. p. 84- -85°, is orange, whilst the methyl 
ether, m. p. 82*5°, is white ; i-hydroxy-S-melhoxybenzylideneaniline, 
m. p. 152 — 153°, is pale yellow. 

m-Hydroxyhenzatdazbie, m. p. 204 — 205°, is pale yellow; 2-hydroxy' 
fanethoxybenzaldazine, m. p. 198 — 199°, i3 lemon-yellow, whilst the 
methyl ether , m. p. 151°, is pale yellow. 

Dimethylaniline condenses with 2-hydroxy 3 -methoxybenzaldehyde 
and 2 : 3-dime thoxy ben zaldehyde, yielding M . ^"-tetrameihyldiamino - 
2' 11 -hydroxy-%” -methoxytriphenylmethane, m. p. 144°, and 4' : M'-tetra- 
methyldiamino-2'" : Z"’-dimethoxytripkenylmeth(me, m. p. 130 — 131°, 
respectively ; the hydrochlorides are green and bluish-green respectively, 

%-Methoxycoumarin forms inodorous, white crystals, m. p. 89°. 

W. H. G. 

Carbonyl Group in the Nascent State. Pavel Iw. Petrenko- 
Kritsciienko ( J . Russ. Phys. Chem. Soc 1909, 41, 1698 — 1703), — A 
reply to Stewart and Baly (compare Abstr., 1907, i, 220). 

T. H. P. 

Tetrabromorycfopentenedione. C. Loring Jackson and IT. 
A. Flint (Amer. Chem. 1910, 43, 135).— Jackson and Russe 
(Abstr., 1906, i, 290) found that by the action of fuming nitric acid and 
bromine on tetrabromo-o-henzoquinone, two substances were produced, 
one, yellow, m. p. 142°, and the other, white, m. p. 144—146°. The 
present investigation was undertaken with a view to the further study 
of these compounds. 

The white substance could not again be obtained, but oxalic acid 
was invariably produced. 

The yellow compound has been found to be identical with Henle’s 
tetrabrcmoc^clopcntene l : 3-dione (Abstr., 1907, i, 223), and is 

CBr * CO 

shown to have the constitution CO<^_ !_ * . It is readily decorn- 

^CBr— CBr 

posed by boiling water or alcohol, but is remarkably stable towards 
acids or oxidising agents, and can be boiled for several hours with 
fuming nitric acid without undergoing visible change. When the 
compound is treated with solution of sodium carbonate for several 
days at the ordinary temperature, it is converted into dibromomaleic 
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acid and methylene dibromide. The action of sodium methoxide on 
the compound also results in the formation of dibromomaleic acid. 

By the action of aniline on tetrabromocycZopentene-1 : 3-dione, there 
are produced tribromoanilinocyclopentenedime, NHPh*C 5 0 2 Br 3 , m. p. 
178°, which crystallises in yellow needles, and hydropyanilinoanib 
cycloj oentenedione, NPhIC s 0 2 (OH)*NHPh, which forms a dark red, 
amorphous powder, and does not melt below 300°. 

When tetrabromocycfopentenedione is reduced with sulphurous 
acid, dibromodifalocydo-pentene, C 5 H 2 0 2 Br 2 , m. p. 151°, is obtained, 
which Crystallises in pale yellow plates, and, on treatment with 
bromine, is reconverted into tetrabromoeycfopentenedione. Phenyl- 
hydrazine reacts with dibromoc?/cZopentenedione with formation of a 
brown, amorphous substance^ which does not melt below 300°. When 
d i br omoc'ye/open ten ed i on e is treated with aniline, bromoanilinocydo- 
pentenedione, £sHPh*C 5 H 2 0 2 Br, m. p. 121° (decomp.), is produced, which 
forms slender, yellow needles, and is converted by sodium carbonate 

CO 

solution into l-fmt/i/io^-cyclonro/fert-S-onejNHPh'C^ i , in. p. 221° 

vlt 

(decomp.), which crystallises in yellow needles. 

By the action of methyl alcohol on tetrabromodiketocycfopentene, 
tribrmnodiketomelhoxycydopentenej OMe*C 5 0 2 Br 8 , m. p. 67°, is obtained, 
which forms white, slender needles. The corresponding ethoxy- 
compound, m. p. 110°, crystallises in small, white needles, and is 
converted by aniline into hydroxydilcetoamlinocyolojientene, 

NHPh*C,II 2 0 2 ‘0II, 

m. p. 140° (decomp.), a red, amorphous substance, which yields an acetyl 
derivative, m. p. 150° (deeomp.), as a pale brown, amorphous powder. 

E. G. 


Nitrosation of the Simplest Cyclic Ketones. Walther 
Borsche [Festschrift Otto Wallach, 1909, 301 — 312). — cyc/oHexanone 
is converted by amyl nitrite in the presence of a small quantity of 


acetyl chloride into 1 : S-dioximino-S-cyclohexanone, 

^* 1 2\0H 2 -C(N-0H)' X ’ 

which crystallises in glistening, yellow needles, m. p. above 200° 
(decomp.), and is decomposed by water, alcohol, and dilute acids ; the 
corresponding triketone could not be isolated. The dioxime when 
treated with an alcoholic solution of sodium ethoxide and benzoyl 


chloride yields a substance , C 20 H 22 O f) N 8 (?), crystallising in colourless 
needles, m. p. 92 — 93°; benzoylation in the presence of pyridine leads 

to the formation of a dibenzoate } ©> which 

crystallises in slender, yellow needles, m. p. 170 — 172° (decomp.), and 
when boiled with an aqueous solution, of, sodium hydroxide is probably 
decomposed, thus: C 20 H 1G O 5 N 2 + 4NaOH — CN , CH 2 *CH 2 , CH 2 *CN’ + 
N a 2 CO s + 2Ph- C0 2 Na + 2 H 2 0. An alcoholic solution of phenylhydr- 
azine couverfcs the dioxime into 1 : 2 :%-triketovydohexanetriphenyl- 


hydvazone^ C 24 H 24 N c -, which crystallises in slender needles, m. p. 
182—183°. The dioxime interacts with o-phenylenediamine, yielding 
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loximino - 1 : 2 *. 3 : Artetrdhydroph enazine , 

”CIIg 1 CH 2 

small, glistening, brown crystals, m. p. 216—218°. 

3 r §-J)ioximinQ-l-nietkyl-i‘cyc\ohexanone, C 7 H 10 O 3 N 2 , prepared from 
4 -metbyicycfohexanone, crystallises in pale yellow leaflets, turns brown 
Sl t 180°, and decomposes suddenly at 208°. The following derivatives 
arc prepared by the methods just described : dibenzoate, small, pale 
yellow needles, decomposing at 172°; 3 : 4 : btriketo-\-melhykyc\<y 
yxanetriphenylhydrazone, C 25 H 2G iT 6 , small, slender, yellow needles, 
m. p. 184° ; 1 -oximino - 3 -methyl- 1 : 2 : 3 : i-telrahjdrophemzine , 

small, glistening, yellow needles, m. p. 210 — 211°. The parent 
substance is converted (l) by a cold solution of phenylhydrazine in 
glacial acetic acid into 3 : 5-dioximino-luiethylcyc\ohexanA'Onephmyl- 
hydrazone, C 13 H lfl 0 2 N 4 , a crystalline, orange powder, m. p. 220° 
(decomp.) ; (2) an alcoholic solution of semicarbazide hydrochloride 
and sodium acetate into the semiearbazone, 0 s II l3 0 3 N 5 , which crystal- 
lises in spherical aggregates of small, colourless needles and decom- 
poses at 200°; (3) by an alcoholic solution of hydroxylamine 
hydrochloride and sodium acetate into the corresponding Irioxime, a 
colourless syrup, the dibenzoate (?) of which, C 2I U 1<) 0 & K s , crystallises 
in small, colourless needles, m. p. 175°. 

1 : 3-DioximinQ-2-cjc\openlanone> C 5 U fi 0 3 N. 2 , prepared from cyclo- 
pentanone, crystallises in flat, yellow needles, and decomposes suddenly 
at 215°. * AV. II. G. y 

Catalytic Preparation of Aromatic Ketones. Jean B. 
Senderens (Gompt. rend., 1910, 150, 111 — 11*2. Compare Abstr., 
1909, i, 286, 627 ; this vol., i, 11). — The following aromatic ketones 
are readily obtained by the method already described, namely : aceto- 
phenone, propioplienone, phenyl propyl ketone, phenyl i-sopropyl 
ketope, phenyl isobutyl ketone. To obtain a good yield, it is neces- 
sary to employ 3 mols. of the fatty acid to 1 mol. of benzoic acid, and 
to maintain the temperature of the catalyst at 380- -460°. The pro- 
duct is always accompanied by smaller quantities of the symmetrical 
aliphatic ketone. Benzoic acid may be replaced by its anhydride. 
Benzophenone could not be obtained by this method. AV. O. W. 

Additive Compounds of Ketones and Quinones with Acids 
and Phenols. Kurt H. Meyer (Iter., 1910, 43, 157 — 164. Com- 
pare Abstr., 1908, i, 731 ; 1909, i, 395). — Whereas acetophenone 
only forms colourless double salts with metallic chlorides, benzo- 
phenone in many cases yields light yellow compounds. A yellow nitrate, 
0 n lIi 0 O’HNO a , has been isolated, whilst the faintly yellow-coloured 
solution of beuzophenone in sulphuric acid undoubtedly contains a 
coloured sulphate. Benzophenone has, although to a much less extent, 
the same properties of haloehromism as distyryl ketone. The coloured 
compounds of benzophenone could not be isolated, but those of 
tiuoreuone are more characteristic. Two series of double salts are 
formed, the one a deep violet, represented by the compound with 
aluminium bromide, and the other, orange in colour. The solution in 
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sulphuric acid apparently contains both forms, as the deep violet solu- 
tion becomes orange-red on the gradual addition of water, and finally 
colourless when the fluorenone separates. 

Fluorenone also combines with phenols, forming deeply-coloured 
products. With a-naphthol, two compounds are formed : an orange- 
yellow derivative from two molecules of fluorenone and one molecule 
of a-naphthol, and a red suhstance from one molecule of each 
component. 

Similar compounds could not be obtained from distyryl ketone. 
Dianisylideneacctone, however, dissolves in phenol with an intense 
yellow coloration, and forms with a-naphthol a crystalline, orange- 
yellow compound, containing three molecules of a-naphthol to two 
molecules of the ketone. 

These compounds of ketones and quin ones with phenols are 
regarded as belonging to the same class of additive compounds as 
those with acids, metallic chlorides, and sulphur dioxide, both 
classes possess a deep colour, pronounced crystallising power, aud are 
easily resolved into their components by water, or when heated in 
solvents ; their formation is exothermic. They are regarded as loose 
additive products to the quinonoid or ketone oxygen atom. Fluorenone 
nitrate forms orange-red needles \ the trichloroacetate gives orange 
needles, m. p. 58° ; the mercurichloride, C 13 II 8 0,(HgCl 2 ) 2> separates in 
lustrous, orange needles. The stannichloride, (Cj 3 H g O) 2 ,SnCl 4 , forms 
brownish-yellow crystals. With sulphur dioxide a substance crystal- 
lising in orange needles is obtained, containing between 1 and ljmols, 
of . sulphur dioxide. Fluorenone aluminium bromide separates in 
dark red, almost black crystals. The compound, 2C 13 H 6 O,C 10 H 8 0, 
produced on heating with a-naphthol, crystallises in long, orange 
needles, m. p. 66—67°. In presence of an excess of a-naphthol this is 
converted into C 13 II s O,C ld H s O, separating in stout, red crystals, 
m. p. 89°. 

The compound of 2 mols. of dianisylylideneacetone and 3 mols. of 
a-naphthol separates in long, orange needles, m. p. 69°. Dianisylyl- 
ideneacetone and sulphur dioxide form an orange-yellow solution, 
giving rise to orange-yellow' needles when concentrated. 

Phenantkraquinone trichloroucetate, C 14 H S 0 2 ,C 2 II0 2 C1 3 , crystallises m 
sealing-wax red needles, m. p. 138°. E. 1. A. 

Occurrence of jS-Pinene and Z-Pinocamphone in Hyssop 
Oil, and Some Observations on Isomerides in^ the Pinene 
.Series. Eduard Gildemeister and Hugo Kohler (Festschrift Otto 
lfa/ZacA,T909, 414— 438).— An account of part of this investigation 
has appeared previously (compare Schimmel & Oo., Absfcr., 191 > 
i, 666). Z-Pinocamphone, obtained directly from hyssop oil, has'b. p. 
212— 213°/752 mm., Dj* 0-9662, ng 1*47421, a 1( - 13-7°, whilst^ 
sample prepared by reducing the dibromide had b. p. 212 5 21 

749 mm., D|? 0-9679, ntf 147509, niff 1-47343, a y -19*33 ; the 
dibromide has [aft 1 -49*24° in other ; the semicarbazone has in. p. 
228 — 229° ; a small quantity of a second seinicarbazone, m. p. about 
182 — 183°, was algo obtained j the oxime is a colourless oil, b. P* 
105— 110 o /4 mm., which deposits well-defined crystals, m. p. about 
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37 — 3S°, when kept for some time. The ketone is reduced by alcohol 
and sodium, yielding l-pinocampheol, long, matted needles, m. p 
67 - 68 °, b. p. 217-218°, ^ - 44*63°, [ag -55*33° in alcohol’ 
0*9678, 1*48420, 1*48335 ; the corresponding phenyluretkane 

crystallises in silky needles, m. p. 76 — 77°. ^-Pinonic acid, obtained 
by the oxidation of the ketone, is identical with that described by 
Barbier and Grignard (compare Abstr., 1908, i, 852) ; when acted on 
by concentrated sulphuric acid, it yields 1 -inenthoethylheptanonolide, 
crystallising in rectangular plates, m. p. 46—47°. 

An attempt to prepare a pure active pinene by way of the crystal- 
line % anthate, m. p. 36 — 37°, derived from /-pinocampheol (compare 
Tschugaeff, Abstr., 1908, i, 93), led to the production of a mixture of 
pinene and a dicyclic terpene ; the latter, when oxidised, gave a 
crystalline dicarboxylic acid, C 10 H 10 O 4 , m. p. 192—193°. 

W. H. G. 

Constituents of Ethereal Oils. Tetrahydrosantalene, C 1& H., S . 
Friedrich W. Semmler (Her., 1010, 43, 445 — 448. Compare Abstr., 
1907, i, 431, 433, J062 ; 1908, i, 433). — Santalene dihydrochloride , 
0 15 H 24 ,2HC1, obtained by the addition of hydrogen chloride to santalene 
in methylalcoholic solution, has b. p. 140 — 142°/0*55 mm., I)- 0 1*076, 
and w D 1*4976. When distilled under 10 mm. pressure, it decomposes 
to a certain extent, yielding hydrogen chloride, and, when boiled with 
alcoholic potassium hydroxide, yields /J-santalene. 

When the dihydrochloride is reduced with sodium and boiling ethyl 
alcohol, it yields a mixture of hydrocarbons boiling at 119 — 123°/9 mm. 
The unsaturated hydrocarbons may be removed from this mixture by 
treatment with ozone, when pure tetrahydromululene , is obtained. 

It has b. p. 116 — 1 1 8°/9 mm., D' 2() 0*864, 1*4676, and a„ + 7°30' 

(100 mm. tube). The hydrocarbon must be dicyclic, as it has all the 
properties of a saturated compound ; it is thus analogous to dibydro- 
eksantalol and dihydroeksantalic acid. J, J, S. 

Action of Magnesium and Allyl Bromide on Menthone. 

P. Kyschenko (/. Russ. Fkys. Cham. >Soc. y 1909, 41, 1695 — 1698 
Compare -Javorsky, Abstr., 1909, i, 168). — \-Methyl-i-isopropyl-3~allyl- 

cjcloteait-3-ol, CH 2 <^ M chpJ/I>C(CH 2 -CH:CH,)-OII, obtained on 
decomposing by means of water the Grignard compound yielded by 
magnesium, allyl bromide, and menthone, is a mobile, colourless liquid, 
b. p. 130 — 13l°/22 mm., Df 0*9028, n 1*470035, with an odour like 
that of mint. On oxidation with permanganate, it yields (1) menthol- 

acetic acid, GH 2 <C^jy^Qj_j" ; p l ^^ > C(CH 2 *C0 2 tr)*0H’, which, when heated 

with potassium hydrogen sulphate, loses water and gives an acid, 
Cj, } H. 2f) 0 2 ; both of these acids were obtained by Wallach (Abstr., 1902, 
i, 799); (2) the trihydric alcohol, 

which is a pale yellow, syrupy, odourless liquid. T. H P. 

vol. xcvm. i. o 
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Behaviour of Alicyclic Hydroxylamines and Hydroxyl- 
amineoximes towards Nitrous Acid. I. Guido Gusiiasq 
(Gazzetta, 1909, 39, ii, 453—467. Compare Francescom and Cusmano, 
Abstr., 1909, i, 723, 724).— isoNitroamines form two classes of 
ethers: (1) NO'NR’OR', which readily give up nitrous acid, and 

b-n:n*or r*n-n*or . „ 

/o\ ii or \/ , which, under similar conditions, are 

a ; o o 

either stable or else yield nitrous oxide. Analogous behaviour i s 
shown by the two classes of ether formed by the mtroamines, namely, 
m NOo’NRR', which decompose, giving nitrous acid, and 

w r*n:n*or' r*N“N*or' 

(2) B or Y 

which yield nitrous oxide. It seems, then, that in these ethers the 
complex -N 2 0 £ - can be completely eliminated from the forms 

^ an( j ^ ^ but not from the forms -N(N0 2 )- 


ii 

O 


0 


and -NfNOVO-. Hence the nitroamines and isonitroamines, which in 
the free state probablv possess the forms R*NH*N0 2 and R’iS (OH)vN T 0 
respectively, retain these forms when they decompose with elimination 
of nitrous acid, but assume the forms R-N.NO;OH and R-NO.N-OH 
when decomposition is accompanied by separation of hypomtrous acid 
or nitrous oxide and water. As a rule, the known »wmitroammes 
exhibit one or other of the above two methods of decomposition, but 
the author finds that, by varying the conditions, pulegonemtroso- 
hydroxylamine (menthoisonitroamine) can be decomposed in both ways, 
and can hence react in the two forms : 
CHMe<^^^>CH-CMe./N(NO)-OH and 
* . 34 CHMe<^^°>CH-CMe s -NO:N'OH. 

By the action of hydroxylamine on pulegone, three compound* 

. have been obtained : pulegonehydroxylamine, m. p. 154° (compare 
Beckmann and Pleissner, Abstr., 1891, 936), an oxime, m, p. 120 
(compare Wallaeb, Abstr., 1896, i, 309), and [«] pulegonehydroryl- 
amineoxime, m. p. 118° (compare Semmler, Abstr., 1905, i, ..-)■ 
The author has obtained two new derivatives of pulegone, namely, an 
oxime, m. p. 98°, and a [ 0 ] hydroxylamineoxime, m. p. 143 . Wahaeli 
(Terpene und Campher, Leipzig, 1909) regards the oxime m. p. 120 as 
an oxime of isopulegone, and the oxime m. p. 98° is either stereoiso- 
meric with this, 

CHMe<£“lf? c ’>C:CMe 2 CHMe<^_ c >C:CMe s _ 


I I 

N-OH 

or structurally isomeric, 

CHMe<^— CH. 


OH 


>» 


X5H 8 -C(NOH)- 
The new hydroxylamineoxime, m, 


;>CH«CMe:CH 2 and 


ch>i<ohI C( noh]> c:cm ^ 

p. 143°, is stereoisomeric with that 
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described by Semmler ( loc , cit.), such isomerism being due either to 
tlie oximic nitrogen, thus : 

OH-NH-CMe 2 -CH<^^>CHMe aQd 

OH.fi 

OH-N K*CMe. 3 *CH<^F 3 ‘nSC>CHMe 

}l 

N-OH 

0 r to the method of rupture of the double linking of pulegone and the 
subsequent addition of hydroxylamine, thus : 

fsssssp^sa. - 


rH SH'OH 

9 I[< 'CHi'C(N0Hp >CH ' 0 Me2 

Me 


pulegoneoxime, C ]0 H 16 !NOH, m. p. 98°, prepared by the action of 
hydrochloric acid on isopulegoneoxime, m. p. 120°, forms groups of 
laminse with triangular sections, reduces Fehling’s solution, and is 
rapidly decomposed by heating with dilute sulphuric acid, hut is not 
affected by boiling with alcoholic potassium hydroxide. 

fi.Pulegonehydroxylamineoxime, C 10 H 20 O 2 N. 2 , which is obtained 
together with the a-isomeride and wopulegoneoxime when pulegone 
and hydroxylamine react under certain conditions, forms shining 
needles, m. p. 143°, reduces Fehling’s solution instantaneously in the 
cold, and, when dissolved in organic solvents, is oxidised by the air to 
nitroso-compounds of a blue colour. 

Fulegonenitrosohydroxylamine, 

prepared by the action of nitrous acid on pulegonehydroxylamine, 
forms irregular, hexagonal crystals, m. p. 35° (decomp.), gives 
Liebermann’s and the diphenylamine reactions, and in ethereal or 
alcoholic solution gives a garnet-red coloration with ferric chloride , it 
does not reduce Fehling’s solution, but forms a senacarbazonej 
NH 2 *CO*NH*NIC 10 H lt *N(NO)*OH, m. p. 165° (decomp.), which gives 
Liebermann’s* and the diphenylamine reactions and a red coloration 
wilh ferric chloride. With hydroxylamiue in alcoholic solution, pule- 
gonenitrosohydroxylamine gives a white, hygroscopic substance , decomp. 
at 200°, which reduces Fehling’s solution in the cold and gives 
Liebermann’s reaction, but gives no coloration with ferric chloride. 
When suspended in water or dissolved in organic solvents, pulegone- 
nitrosohydroxylamine is moderately stable, but in the dry state in the 
air, or in a vacuum, it undergoes rapid decomposition, yielding (1) pule- 
gone and (2) 8-nitromenthone (compare Harries and Roeder, Abstr., 
1900, i, 182), which results from the oxidation of the 8-mtrosomen- 
thone formed initially by the action of the air and of the nitric acid 
eliminated. With nitrous acid, pulegonenitrosohydroxylamine gives 
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pulegone and nitro- and nitroso-menthones. The last two compounds 
are formed according to the equation . 

C H -0*NH-0H + C 1 «H 1 h0*N(N0)*0H + HN0 2 = 

ll ' 11 10 “ C 10 H i ;O-NO s +C, 0 H 17 O-N s O + N s + 2H„o. 

The formation of pulogone hy the action of nitrous acid is due to the 

diazotisation of the pulegonenitrosohydroxylamine, thus : 

C,„H n O-N(NO)-OH + HN0 2 = C 10 H„O-K 2 -NO 3 +H,0 ; 
the resulting aliphatic diazo-derivative is immediately decomposed by 
water into nitrogen, nitric acid, and 8-hydroxymenthone, the last com. 
pound then losing water and giving pulegone. When, however, 
decomposition of pulegonenitrosohydroxylamine occurs in presence of 
an alkali, it proceeds entirely in the one i 

products being pulegone andmtrous 0 ^^ W H,,^NU.N -OH + U s° * 
C^UuO-OH + HjO + NjO and C 10 H„O-OH = O 10 H 16 O + H 2 0. ^ ^ 

New Occurrence of 1- Camphor. Theodob Wmrmstt 
(Festschrift Otto Wallach, 1909, 668-670).-The oil obtained from 
a variety of “sage-brush” common to western North America, 
probably^ Artemisia cana, was found to have the following constants: 
DU 0-9405; oh” -19-09°} «'d s 14702; acid number, 4'2, 4-1; ester 
number IBS, 19 S ; saponification number, 22-7, 23-9 ; saponification 
number after acetylation, 111 8, 110 3. It contains 1-camphor to the 
extent of at least 44-5%, an observation Dot without interest, for, 
with the exception observed by Wallach in the case of the broad- 
leafed Salvia, 1-camphor has been found ODly in plants oMhe^familj 
Compoeitae. 

Coriander Oil. Heinrich Walbaum and Wilhelm MClki 
(Festschrift Otto Wallach, 1909, 654-667).-The sample of corum a, 
oil examined had the following constants: » a » +iU ; » 

„» 1-46387 ; acid number, 0 ; ester number, 20-22 ; ester number 
after acetylation, 159, corresponding with 49 65% of hnalool , it u 
possible to obtain, however, 70% of the latter substance by fractional 
distillation on a large scale. Roughly, 20% of the oil consists o 
almost equal quantities of a-d-pinene, p-cymene, and terpinenes (a- ml 
7 -terpinene), together with very small quantities of /3-pinene, dipeule , 
Ld possibly, also, phellandrene and terpinolene. Ihe presence of 
decylaldehyde, geraniol, 7-borneol, and esters of these, alcohols was 
also’ established. In addition to the compounds mentioned comud* 
oil contains small quantities of unknown substances, which i aie 
importance in imparting aroma to the oil. 

f Essential Oils.] Roure-Bertrand Fils (Sci. Ind. Bull. Row 
Bertrand Fils, 1909, [ii], 10, 19-43).-This contains the follow, 

and Louis Labaunk.]-^™ ofllydroMcM 
on Linalool and Geraniol (compare Grosser, Abstr., 188., - > 

Barbie,-, ibid., 1S92, 1236 ; 1895, i, 

a. nd treated with gaseous hydrogen chlondo at 100 , boti ^ 

yield linalyl chloride , C 10 H 17 C1, D‘ 0’9o4 » W*> titrate in alcohol 

b. p. 95— -96°/6 mm. This on treatment with silver nitrate a 
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^generates linalool. The chloride obtained from geraniol could not 
be obtained quite pure. At -4° to +3° the action of hydrogen 
chloride on Wool or geranid in toluene is more complicated No 
water is formed until the mixture regains atmospheric temperature 
The product formed is a mixture of linalyl chloride with a dichlorol 
derivative. Cmnamyl alcohol at 100° yields a chloride OHn 

d” v 0857 ;.i“ *■** b - p-,"*-”® 0 / 6 bS; 

forming a. dibrormae, m. p. 104 ,and on treatment with silver nitrate in 
alcohol yields a mature of two alcohols, ooe of which may be 
phenylallyl alcohol (Klages^and Klenk, Abstr., 1906, i, 638), 

[J. Leroide.] Preparation of Fenchone free from ’Camphor .— The 
best results were obtained by warming crude fenchone with aluminium 
chloride and then distilling under reduced pressure. For the detection 
of camphor the semicarbazide test was employed, which is sufficient to 
show the presence of 01% of camphor. By this means camphor was 
proved to occur naturally in fennel oil . Thujone cannot be eliminated 
from mixtures of this ketone with camphor and fenchone by treatment 
with aluminium chloride and bromine, and in such cases oxidation 
with nitric acid must be resorted to, the camphor being subsequently 

removed by treatment with aluminium chloride and bromine, 7 

Jour oils from the Comores Islands were examined, and <mve the 
following results: Bigarade oil had D 10 0*8812, a D + 42°13' tnd was 
insoluble in 80% alcohol. 0 nd was 

Petitgrain oil had D 15 0 8650, a* +42°18', and saponification value 

do'o. 

Basil oil had D Ij 0'9588, a D 0°35', and saponification value 4*2 
Citronella oil had D 15 0*8922, a D -0»52' } aldehydes 80% (by 
bisulphite process), and was insoluble even in absolute alcohol. 

Ylang-ylang oil, from Nossi-Be, had D 15 0*9673, 'a x> - 42 °lV acid 
va!ue 1*4, saponification value 129*5, esters 45*3%, and total alcohols 

Linalce oil, from Cayenne, had D 20 0*872], -12°56', 14635 

and contained methylheptenone, <I-terpineol, geraniol, Minalool, and' 
nero! (?). & T. A. II 


Constituents of Oil of Lemon. Eduard Gildkmeister and 

Wilhelm MOller (Festschrift Otto Wattach, 1909, 439 — 451).- Oil of 

lemon contains in addition to Mimonene a moderate quantity of 
j-pwene, and very small quantities of a-piuene, i-a-pinene, /-camphene, 
p-phellandrene, and y-terpinene. The sesquiterpene obtained from the 
oil m small quantity (compare Burgess and Page, Trans., 1904, 85, 
Ah' 18 to he identical with bisabolene (compare Tucholka, 

Abstr 1897, ii, 584) ; the same hydrocarbon is present in opoponax 
J7’ 01 . °L , ^olkensii (compare Schmidt and Weilinger, Abstr. 
1^06, i, 299), and camphor oil. 

Ihe erythritol from y-terpinene (compare Wallach, Abstr., 1908, i, 

■ u un .£ oes tbe following changes; (1) when boiled with acids it 
yie ds a mixture of thymol and carvacrol ; (2) it yields a brominat-ed 
womnee , crystallising in large leaflets, m. p. 93—94°, when treated 
to an alkaline solution of hypobromite ; (3) when oxidised with an 
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alkaline solution of potassium permanganate' it yields oxalic acid and 
an acid, m. p. 147—149°, which is probably isopropyltartromc acid. 


Essential Oil from the Seeds of Monodora 'grandiflora. 
Robert Leimbach (Festschrift Otto Wallach, 1909, 502—512). — The 
oil obtained by the steam distillation of the seeds of Monodora 
qrandiflora is a limpid, pale yellow oil, with an odour resembling 
cymene, DJ® 0*8574, ctf -46 25° in a 1-dcrn. tube, acid number 3 9, 
saponification number 7 — 12. Nearly 90% of the oil consists of 
hydrocarbons, chiefly Z-phellandrene, camphene, and p-cymene. The 
remainder, a heavy oil with an aromatic odour, contains palmitic acid, 
carvacrol, a substance, C 10 H lfi O, which reacts neither as an alcohol nor 
a ketone, a sesquiterpene , C 15 H 24 , b. p. 260 — 270°, T)\l 0*9138, a D + 24°, 
7 $ 1*50513, a crystalline substance , m. p. 160—163°, and small 
quantities of other unknown substances. W. H. G. 

A Condensation Product of Coumaranone and its Con- 
version into Oxindirubin. Karl Fries and \V. Pfaffendorff 
(Ber., 1910, 43, 212 — 219).— The constitutions have been ascertained 
of the compound, C 18 H 14 0 4 , obtained from 4-methyl-2- coumaranone or 
from <o-chloro-2-hydroxy-5-metbylacetophenone (Abstr., 1909, i, 44), and 
also of those obtained by a similar process from 5-methyl- 2-coumaran- 
one or <o-chloro-2 -hydroxy-4-mebhylacetophenone, and from 2-coumaran- 
one or w-ehloro-2-hydroxyacetophenone. An ethereal solution of 
2-coumaranone is treated with sodium and then with acetyl chloride, 
whereby the acetate , m. p. 106°, of 2-hydroxy- 1 : 2'-dicoumarone, 

c 6 h 4 <^^>c-c< 7° is formed j the parent substance has 

not been obtained pure. By warming an alcoholic solution of the 
acetate with sodium ethoxide and subsequently acidifying, by boiling 
an acetic acid solution of the acetate with hydrogen peroxide, or by 
the prolonged heating of 2-coumaranone or w- ch loro- 2 -hy dr oxyaceto- 
phenone with alcoholic sodium ethoxide, 2 : V -dihydroxy-\ : $ -dkovmr- 

one (leuco-oxindirubin), ^ 4 , m. p. 185°, 

is obtained, which forms orange-yellow needles, gives a deep red, rnrn- 
fluorescent solution in concentrated sulphuric acid, and by the 
prolonged heating of its solution in glacial acetic acid, or, more readily, 
by treating the solution with hydrogen peroxide or bromine, is con- 
verted into “ 1 : 2 -biscoumaran-indzgo ” (oxindirubin), 



m'. p. 215°, which is also obtained by treating an acetic acid solution 
of 2-coumaranone and o-hjdroxybenzoyl formic acid with concentrated 
sulphuric acid. , 

- By a similar series of reactions, 5-methyl-2-coumaranone yields e 
acetate, m. p. 133°, of 2hydroxy-5 : 5'-dimethyl-l : 2 '-diooumarotie, 
2 : V -dihydroxy-5 : 5'-dimethyl-l ; 2 '-dicoumarone (5 : Z)'-dimethyl-leu» 
oxindirubin), m. p. 204°, and “ 1 : 2 '-bi*( 3 -melhylcoumamn)-mdigo 
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(5:5 '-i iirrtethyloxindiruMn), The compound CJ 18 H u 0 4 (toe. cit.) is 
4 ; 4'.dimethyMeuco-oxindirubin. C. S. 

Oxonium Perchlorates. Karl A. Hofmann, A. Metzler, and 
JL Lecher ( Per 1910, 43, 178 — 183. Compare Abstr., 1909, ii, 
568). — Seventy per cent, perchloric acid yields crystalline compounds 
with ketones, and similar substances with basic properties j these are 
sparingly soluble and admirably adapted for characterising and 
isolating ketones. Even substances, such as carbazole, in which the 
basic properties of the nitrogen are very feeble, form crystalline salts. 
The perchlorates afford a better test of basic properties than picrates. 
These salts are regarded as oxonium derivatives. 

A solution of xanthone in tetraehloroethane gives a bright yellow 
precipitate of xanthone perchlorate , C 13 H s 0 g ,HC10 4 , which can be 
recrystallised from tetraehloroethane without decomposition, but is 
'very rapidly decomposed by traces of moisture. 

Carbazole perchlorate crystallises in lustrous, colourless plates ; it is 
decomposed by water. Prolonged action with an excess of perchloric 
acid leads to the formation of a greenish-blue compound. 

A colourless perchlorate is also formed by quinone di-imide. This 
explodes on heating. When moistoned with water, it becomes a 
brilliant bluish-green, then violet, and then brown. 

Benzophenone forms a yellow solution and a bright brownish-yellow, 
crystalline mass. This rapidly decomposes in moist air, leaving 
colourless oily drops, which do not crystallise until inoculated with a 
crystal of benzophenone. The perchlorate is apparently derived from 
the allotropic low melting variety of benzophenone. 

Anthraquinone and alizarin do not react with perchloric acid. 
Phenantkraquinone perchlorate forms a mass of blood-red crystals in 
solution, which dry to red needles, but rapidly become bright orange 
when exposed to moist air. The hemiperchlorate, (C 14 H 8 0 2 ) 2 ,HC10 4> 
is obtained in flat, obliquely-cut, yellow or brownish-red prisms. 

From retenequinone only the hemiperchlorate has been isolated. 
Naphthazarin perchlorate forms large, rectangular, stout plates with a 
bronze lustre. E. F. A. 

New Selenium Compound. Ida Foa (Gazzetta, 1909, 39, ii, 
CH'CH 

527 — 534). — Selenophen, / 1TT ! riXJ ^ > Se, obtained by heating sodium 
OH. CM 

succinate with phosphorus triselenide, is a yellow, mobile, irritant 
liquid, b. p. 147 — 149°/250 mm. ; it dissolves in concentrated 
sulphuric acid, giving a reddish-brown coloration, whilst with a 
solution of isatin in concentrated sulphuric acid, a dark carmine 
coloration is obtained. In presence of acetic acid, it forms with 
bromine an unstable, liquid bromide. T. H. P. 

Production of a Volatile Aromatic Substance from Solutions 
of Morphine Salts. C. Reichard ( Pharm . Zentr.-h., 1910, 51, 
128 — 130). — When a solutiou of morphine hydrochloride or sulphate 
in water is heated, a slight odour of musk is developed, and the 
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strength of this odour increases with the concentration of the alkaloidal 
solution, and with the quantity of water vapour produced from 
the solution. T. A. H. 

Partial Racemism. H. Dctilii (Proc. K. Alcad. IVetensch. Amster- 
dam, 1909, 12, 393 — 400). — The author has studied the partial 
racemism which occurs with strychnine racemate, more especially by 
observing the behaviour of this compound in presence of its aqueous 
solution. The investigation was carried out on the lines indicated by 
Roozeboom (Abstr., 1899, ii, 401), who pointed out the probable 
inaccuracy of the results obtained by Ladenburg and Doctor (Abstr., 
1899, i, 310). By means of the solubility curves of the d-, l 7 + ^ 
and d + r-compounds at 40°, 25°, 16°, and 7’5°, it was found that the 
transition interval, which Ladenburg and Doctor assumed to be non- 
existent, extended over about 20°. Saturated solutions of the partial 
racemate are stable only below 7*5°, although the solubility at higher 
temperatures can be determined by retarding the decomposition. 

The author has avoided determining by means of the polarimeter 
the content of the l - and ^-compounds in liquids saturated with the 
r + d r + l~, or d 4- ^-compounds, and suggests that such method of 
analysis gives a wrong idea concerning the inner composition of 
a solution saturated with two salts. This view is supported by the 
results obtained by Findlay and Hickmans (Trans., 1909, 95, 1386), 
who, using the polarimetric method of estimation, found that the 
addition of Z-menthyl Z-uiandelate diminishes the solubility of ^-menthyl 
df-mandelate at 10°, whilst it increases it at 25° or 35° ; such behaviour 
the author regards as improbable. T. H. P. 

Hsemopyrrole. Leon Marchlewski ( Ber 1910, 43, 259 — 260). — 
Polemical. A reply to Filoty (this vol., i, 133). R. Y. 8. 

Pyridine Hydrate. William Oeohsner de Coninck (Bull. Soc. 
chim. Behj , 1910, 24, 55) —From basic tar oils the author has isolated 
a product which has the composition of a pyridine hydrate, 
2C,H 5 N,7H 2 0. 

This has b. p. 91—93°, but it is not regarded as a definite chemica 
compound (compare Goldschmidt and Constam, Abstr., 1884, fill). 

* T. A. H. 

Condensation of Esters of Acetonedicarboxylic Acic 
with Aldehydes by means of Ammonia and Amines. VI 
Tautomerism of Ethyl 2 : 6 Diphenyl-4 pyridone-3 : 5-dicarb 
oxylate. Pavel Iw. Petrenko-Kritschenko and Joh. Schott:/ 
(Ber., 1910,43, 203— 206).— The methylation of ethyl 2 : 6-diphenyl- 4 
pyridone-3 : 5-diearboxylate in alkaline solution leads to the formatioi 
of 2 : 6 diphenyl-l-methyl-4-pyridone-3 : 5-dicarboxylic acid, m. p 
270°, and a mixture, m. p. 125 — 130° (Abstr., 1909, i, 605). By hydre 
lysing the latter by 7 % aqueous alkali and subsequent acidification, ft 
acid, C O0 H ia O 5 N, is obtained, which separates from dilute acetic aci 
in crystals, m. p. 240° (decomp.), containing 1 JC 2 H 4 0 2 , and forms a.. 
ethyl ester, m. p. 229—230°, which is insoluble in ammonium 
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hydroxide. The acid is probably 4-methoxy-2 : 6 - diphenyl pyridine 

3 : 5 -dicarboxylic acid. 0 g 


Anthranil. XVI. Relation of Anthroxanic Acid (2-Anthr- 
anilcarboxyHo Acid) to Anthranil. Eugen Bamberger and Sven 
JjINDBERG (Ber., 1910, 43, 122 — 127. Compare Abstr., 1909, i, 509, 
510, 511). — o- Amino- and o-nitro-aromatic aldehydes and ketones are 
converted by mild oxidising and reducing agents respectively into 
anthranil derivatives. To establish the constitution of anthroxanic 

acid as anthranil- 2 -carboxylic acid, C 0 H 4 < i > 0 , the 

behaviour of isatinic acid and o-nitrophenylglyoxylic acid has been 
studied. 

By the oxidation of isatinic [acid with Caro’s reagent, anthroxanic 
acid, 2 : 2 -azoxy benzoic acid, and o-nitrosobenzoic acid are formed. 
The last product affords strong support to the view that o-hydroxyl- 
aminophenylglyoxylic acid, OH-NH*C fi II 4 *CO*C 0 2 H, is the first 
intermediate oxidation product. 

o-Nitrophenylglyoxylic acid, when reduced by tin and acetic acid, 
forms anthroxanic acid and a compound, m. p. 127°, probably 1 -acetyl- 

dioxindole, E p A 


Cinchonic Acid Syntheses. Walther Borsch e ( Ber 1910, 43, 
267).— A reply to Schiff (this vol., i, 131), K. V. S. 


Elimination of Alkyl Radicles and Fission of Organic 
Bases by means of Cyanogen Bromide and Phosphorus 
Halides. Julius von Braun (Festschrift Olio Wedlock, 1909, 
313 — 386). — A resume of the author’s investigations on this subject 
(compare Abstr., 1904, i, 688 , 731, 841,918; 1905, i, 596, 634, 636, 
826; 1906, i, 576; 1907, i, 28, 79, 105, 110, 127, 151, 524, 728, 899, 
960; 1908, i, 625, 627, 675, and 680). The following observations 
have not been recorded previously. Quinoline is converted by 
cyanogen bromide and water into a crystalline substance , m. p, 113°, 

CH ~ ~ CH 

which probably has the formula C fl H 4 < , } • 

(U.C< )’ Cli’Uxi 

Benzoylhexahydroearbazole and the 4-methyl compound (compare 
Borsclie, Abstr., 1908, i, 365), when acted on by phosphorus chlorides, 
yield 2-benzoylaminodi phenyl, m. p, 102 °, and 2'-benzoylaminO'i-methyl~ 
diphenyl, m. p. 121 °, respectively. W. H. G. 

Indigoid Dyes. V. Indigoid Dyes of the Anthracene 
Series. A, Bezdzik and Paul Fkikdlander (Monalsh., 1909, 30, 
871 — 878. Compare Abstr., 1909, i, 415, 417). — Isatin chloride and 
isatinanilide condense with hydroxy-derivatives of authracenc, forming 
indigoid dyes ; which are far more stable towards acids and alkalis than 
the analogous naphthalene compounds (compare Abstr., 1908, i, 
673); for example, l-keto-2-indoxylanthracene is not decomposed by 
sodium hydroxide, although the isomeride, 2 -keto-lrindoxylanthracene, 
when similarly treated yields anthranilic acid and 2 -hydroxy- 
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1-anthracenealdehyde. The latter substance has the property of 
dyeing animal fibres and the skin an intense yellow : 

, n 9^,-CO CO CH— C° C° 

(I,) CH=Cn >C < NII >Cf ’ H4 (II) Be-o^h > C-C< 'NH >C « H * 

bKeto-24ndoxylanlhracetie (I), prepared by the condensation of 
a-anthrol and isatinanilide in acetic anhydride, crystallises in small 
dark blue needles with a bronzy reflex, melts and sublimes with 
decomposition at a high temperature, and, when reduced with an 
alkaline solution of hyposulphite, yields an orange-red solution which 
dyes textile fibres a pure blue. 

2-Keto-l-indoxylanthracene (II), similarly prepared from jS-anthrol, 
forms small, dark blue needles with a coppery reflex, and sublimes with 
decomposition at a high temperature. S-Hydrovry-l-anthracenealdehyde, 
C 16 H 10 O 2 , crystallises in long, pale yellow needles, m. p. 164°; the 
oxime crystallises in four-sided, pale green plates, m. p. 197° (decomp.); 
the phenylhydrazone forms flat, yellow prisms, m. p. 224 — 225° ; the 
aldazine forms slender, brick-red needles, m. p. above 300°. 

5-Hydroxy-l-keto-2-indoxylanthracem, C 22 H 13 O g N, prepared from 
1 : 5-dihydroxyanthracene and isatin chloride, crystallises in long, 
slender, dark blue needles; the isomeric 8-fyycfro.r^-compoimd is very 
similar in properties, but is slightly more green. W. H. G. 


Synthesis of Oxazoles and Thiazoles. I. Siegmund Gabriel 
(Ber. t 1910, 43, 134 — 138). — By the action of phosphorus penta- 
cbloride on benzoylaminoacetophenone, i-ekloro~2 : 5-diphenyloxazole is 
formed, and not a chlorinated fwquinoline derivative, as might be 
expected from analogy to the synthesis of dihydroisoquinolines from 
acyl derivatives of phenylethylamine. 

^-Benzoylaminoacetophenone is best prepared from w-aminoaceto- 
phenone hydrochloride by the action of benzoyl chloride in acetic acid 
; solution ; it has m. p. 124° [Robinson, Trans., 1909, 95, 2169, gives 
123°]. When heated with two mols. of phosphorus pentachloride, 
first at the temperature of the water-bath and later to 170°, 4 -ckloro- 


ct r j ' i i 7 A XPhlCCl 
2 : batphenyloxazole , , 


is formed, crystallising in slender 


needles, m. p. 67 — 68°. When heated with sodium amalgam in 

CPh’CH 

alcoholic solution, 2 : 5-diphenyloxazole, O^sQpjpiSr , is obtained (com- 


pare E. Fischer, Abstr,, 1896, i, 262). The same compound may be 
obtained in one operation from benzoylaminoacetophenone when only 
one molecule of phosphorus pentachloride is used. Similarly, when 
benzoylaminoacetophenone and phosphorus pentasulphide are heated at 
CPh * C H 

170°, 2 : 5-diphenyltkiazole, , is formed, crystallising in 

large, rhombic plates, m. p. 103 — 104°. E, F. A. 


Action of Hydrazines on Thiocyanoacetic Acid and its 
Ethyl Ester. Gustav Frerichs and Paul Forster ( Annalen , 1910, 
£F7T, ! 227 — 257).— The nature of the interaction of thiocyanoacetic 
acid and phenylhydrazine as described by Harries and Klamt (Abstr., 
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1900 i 413) not being strictly analogous to that of thiocyanoacetic 
c id and aniline (compare Rizzo, Abstr., 1898, i, 659; Beckurts and 
Frerichs, Abstr., 1902, i, 763), it was deemed advisable to repeat the 
work of *the first-named investigators, the outcome of which has been 
the direct negation of many of the statements of these authors. 

When phenylhydrazine is added to a cold ethereal solution of tbio- 
noaC etic acid, a white, crystalline precipitate of phenylhydrazine 
Ziocarbmidoacetate, SCN*CH 2 *C0 2 H,Nff 2 *N IPh, m. p. 92-100°, » 
obtained, which, when kept for some time, or when boiled with alcohol, 
nisses into carbaminethioglycollphenylhydrazide , , 

p ‘ NH 2 *CO-S-Cn 2 *CO*NH-NEPh, 

colourless leaflets, m. p. 149°. The latter substance is more readily 
obtained by the interaction of phenylhydrazine, chloroacetic acid, and 
potassium thiocyanate in alcoholic solution; when heated at about 
155° for an hour, it passes into ditJMiglycollphenylhydr azide, 
S 2 (CH 2 -CO-NH-NHPh) 2 , 

which crystallises in colourless, glistening leaflets, m. p. 174°, and is 
also formed by heating carbaminethioglycollphenylhydrazijle with 10% 
aqueous ammonia and treating the solution subsequently with hydrogen 

^When ethyl thiocyanoacetate is boiled with an alcoholic solution of 
phenylhydrazine, it yields ammonium cyanate, a viscid, oily substance , 

ftD d colourless crystals, 

in. P. 176°, which dissolve in concentrated sulphuric acid and aqueous 
potassium hydroxide, forming blue and violet solutions respectively ; 
tbe substance just described is also formed by the action of phenyl- 
thiosemicarbazide on chloroacetic acid. The interaction of ehloro- 
acetylphenylsemicarbazide and potassium thiocyanate in alcoho ic 
solution leads to the formation of thiocarbimidoacetylphsnyhemicarb- 
azide , SON •CH 2 *CO*NPh*NH*CO # NH 2 , small, glistening crystals, 
m n 170 1 730 which, when boiled with water, yields 2-imino-o-keto- 

A-phenyltetrahydro- 1 3 : i^thiodiazine, crystal 

Using in pale yellow needles, m. p. 161—162°; the crystalline salts 
with the halogen acids, C 3 H 9 ON s S,HX, were prepared. 

Hydrazine hydrate and thiocyanoacetic acid combine, yielding 
hydrazine thiocarbimidoacetate, SCN«0H 2 *CO 2 H,N 2 H 4 , glistening leaf- 
lets, m. p. 87—90°, which undergoes intermolecular rearrangement 
when kept, passing probably into carbammethioglycollhydrazide, 
NH 2 -C0’S-CH,'C0-NH*NH 2 , 

m. p. about 125°, and, when boiled with water, yields a substance, 
which decomposes at 280-290°, and could not be obtained pure. Th« 
action of hydrazine hydrate on ethyl thiocyanoacetate leads to th« 

. . . CH,-CCh 1 2 

formation of 3 : 3-bisihiohydantoin, ^C^NH)* S 

the same substance is formed by the interaction of bisthiocarbamide 
(hydrazodicarboxythioamide) and chloroacetic .acid ; it decomp 
without melting at a high temperature. , .. . 

Carbaminethioglycollphenylhydrazide undergoes the folio g 
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changes : (1) when boiled with 10% aqueous ammonia and subse- 
quently treated with hydrochloric acid, it yields thioglycollphenyl- 
hydrazide, NHPh'NH'OO’CHg’SH, leaflets, m. p. 112 113°; (2) it 

is converted by alcoholic potassium hydroxide and methyl iodide under 
pressure at 100° into methylthioglycollphenylhydrazide , C 9 H 12 ON,S, 
glistening leaflets, m. p. 104—105° ; the corresponding ethyl compound, 
C 10 H 14 ON 2 S, forms colourless leaflets, m. p. 84— 85°; (3) when heated 
with alcoholic potassium hydroxide and chloroacetamide, it yields 
thiodiqlycollamidephenylhydrazide, 

NH 2 ‘CO-CII 2 -S-CH 2 -CO*NII'NHPh, 
colourless leaflets, m. p. 135—136°; (4) with alcoholic potassium 
hydroxide and ethyl chlorocarbonate it yields carboxytkioglycollphenyl 
A3/cfrrt^,C0 2 H-S*CH 2 -C0-Nn-NHPh, in. p. 156—157°; th epotasshm 
salt has m. p. 212 — 213°. 

The following substances are prepared by methods similar to 
those just described : phenylmethylhydrazinethiocyanoacetale, m. p. 
65 — 68° ; carbeimviethioglycdlphenylmethylhyd r azide , 

m. p. 145 — 146°; methyl thiogly coll phenyhntthylhy dr azide, C 10 H 14 ON 2 S, 
needles, m. p. 74—75°; carbethoxythioglycollphenylmethylhydrazide , 
C H 16 0 3 N 2 S, colourless leaflets, m. p. 82—83°; carbaminethioglycoll -p- 
tolylhydrazide , C in U l% OJS a $, m. p. 164—165°; thiogly coll-\>tolyl 
hydrazide, C 9 H 10 ON 2 S, m. p. 125—126°; dithiodiglycoll-p-tolylhydr- 
azide, C ls H, 9 0*N 4 S 2 , glistening leaflets, m. p. 182—183°; methylthio- ■ 
glycoll-p tolylhydrazide, O 10 H 14 ON 2 S, glistening leaflets, m. p. 108—109°; 
thiodiglycollamide-pdolylbjdrazide, C^II^O^S, glistening, pale yellow 
needles, m. p. 148 — 149°. k* 

Case of Isomerism. [Acylazoaryl Compounds.] Giacomo 
Ponzio (Gazzetta, 1909, 39, ii, 535 — 546). — The author has carried 
out further investigations on the yellow, white, and red isomerides, 
C ls H 10 O 4 N 4 , obtained by the action of benzenediazoniuin acetate on 
the potassium derivative of w-dinitrotoluene (Abstr., 1908, i, 482, 
582; 1909, i, 443, 681). The results obtained settle definitely the 
structure of the red isomeride, and render probable the accuracy of 
that already assigned to the white compound, but do not admit 
of the structure of the yellow derivative being determined. 

For the yellow compound, the author has suggested the formula 
N0 2 , CPh(N0)*0*N:MPh, which would explain its isomeric change 
into a -nitro*/3-nitroso a-benzoyl /3-phenylhydrazino (Abstr., 1908, i, 
482). On the basis of this formula, Dimroth and Hartmann (Abstr., 
1909, i, 66) indicate an analogy between this yellow compound and 
benzene-0-azutribonzoylmethane, obtained by the interaction of the 
potassium derivative of tribenzoyl methane with benzenediazonium 
acetate, and suggest that the yellow compound is a true 0-azo 
derivative and not a diazo-derivative. But, apart from the fact that 
the properties of Dimroth and Hartmann's compound are explained 
equally well hy regarding it as a true diazonium salt (compare 
Auwers, Abstr., 1909, i, 67), its analogy to the author’s yellow 
compound is not borne out by its behaviour with ethereal hydro- 
chloric acid. Thus, benzene-^-azotribenzoylmethane gives benzene- 
diazonium chloride and tribeozoylmethane, whilst the diazobenzene 
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derivative of w-dinitrotoluene gives the isomeric compounds, a-nitro- 

0 nitroso-a-benzoyl'/J-phenylhydrazine and u-nitrobenzaldehyde-p- 
nitrophenylhydrazone, NO 2 *CPh;N'NIl*C 0 lI 4 'NO 2 , treatment with 
water converting the former of these isomerides into /3-nitroso-a- 
benzoyl'/l-phenylhydrazine and leaving the latter unchanged. The 
formula N0 2 *CPh(NO)*N*NPh for the yellow compound (vide 
supra) does not, however, explain its reaction with alcohol, with 
formation of oj-dinitrotoluene, nitrogen, acetaldehyde, and benzene. 

The reactions of the red isomeride are not in accord with the struc- 
ture, NPh*N*CPh(N0 2 ) 2 » originally assigned to it (Abstr., 1908, 

1 482). Thus, on reduction by means of tin and hydrochloric acid, it 
■yields ammonia, benzoic acid, and jo-phenylenediamine. By sodium 
methoxide it is converted into a-dinitrotetraphenyltetrazoline (com- 
pare Bamberger and Grob, Abstr., 1901, i, 296). These results indi- 
cate that the red compound is not w-benzeneazo-w-dinitrotoluene, but 
(j-iiitrobenzaldehyde-^-nitrophenylhydrazone (compare Bamberger and 
Grob, Abstr., 1901, i, 567), and direct comparison confirms this indi- 
cation. The isomeric change of the yellow compound into w-nitro- 
bonzaldehyde-j5*nitrophenylliydrazone consists in the passage of a 
nitro-<*roup from an aliphatic carbon atom into the para-position of 
the benzene nucleus, and such a transformation is best explained by 
regarding the yellow compound as w-benzeneazo-w-dinitrotolucnp, 
NPh ! N ■ CPh (N0 2 ) 2 . 

It follows from these results that the compound, m. p. 130 — 135 , 
previously described as o-dinitro-w-benzeneazo-^-xylene, must be 
regarded as w-nitro-p-tolualdehyde-p-nitrophenylhydrazone, 

NO 2 ‘O 0 H 4 *N H-N:C(NO. 2 )-C 0 [ipie, 

and that described as <u-dinitro-<u-benzeneazo-;>methoxytoluene, m. p. 
141 — 148°, as (o-nitroanisaldehyde-p-nitrophenylhydrazone, 

NO 2 *C 6 IT 4 *NH-N:C(NO 2 )-C 0 K 4 ‘OMe. 

But, in addition to the diazobenzene derivatives of the primary 
dinitroliydrocarbons, the ortho-substituted diazo-salts are also trans- 
formed into red isomerides when dissolved in moist ether, and in this 
case, too, there takes place transference of a nitro-group from the 
aliphatic carbou atom to the para-position of the benzene nucleus. 
So that the compound, m. p. 137° (decomp.), previously described 
(Abstr., 1909, i, 443) as <o-o-tohieneazo-w-dinitrotoluene must be re- 
garded as w-nitrobenzaldehyde-p-nitro-o-tolylhydrazone, 

a structure which is confirmed by the fact that it yields benzoic acid, 
ammonia, and 2 : 5-diaminotoluene on reduction with tin and hydro- 
chloric acid ; this compound may also be obtained by the interaction of 
the sodium derivative of tu-nitrotoluene andm-nitro-o-toluenediazonium 

sulphate: CHPb:NO.,Na + N0./C <5 H 3 Me-N 3 -HS0 4 = !SaHfe0 4 + 
N0 2 *C 6 H 3 Me*NH*N:CPh-X0. 2 . Further, the compounds described as 
w-o-chlorobenzeneazo-(j-dinitrotoluene, m. p. 140° (decomp.), and w-o 
bromobenzeneazo-w-dinitrotoluene, in. p. 140 u (decomp.) ( s r., 
1909, i, 443), must be regarded as the o-chloio-p-mtrophenylhydrazone 
and o-bromo-p-nitrophenylliydrazone respectively of w-mtrobeuz 
aldehyde, N0.,-C„H 3 Cl-NH*N:CPh*N0, and 

NO 2 -C 0 H 3 BrNH*N:CPh*NO 2 . 
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These results explain the observation that, whilst the ortho- 
substituted diazonium salts give with moist ether their red 
isomerides, that is, the corresponding ortho- substituted ^-nitro- 
frhydrazones, para- substituted diazonium salts, under the same con- 
ditions, lose two atoms of nitrogen and three of oxygen in the form 
of nitrous compounds, giving acylazoaryl derivatives, the isomeric 
acylarylnitronitrosohydrazines being formed as intermediate products* 
R-C(N 2 0 4 )-N 2 Ar — > R*C0*N(N0 2 )*NAr’N0 B-CO-HNAr ; the 

para-position which the nitre-group tends»to assume is in these cases 
occupied. It is found, indeed, that these compounds, by the action of 
absolute alcohol in the cold, give small yields of red isomerides, the 
nitro-group entering the benzene nucleus in the ortho-position. The 
red isomeride, m. p. 153 — 154° (decomp.), of the ^-diazotoluene deriv- 
ative of (u-dinitro toluene (Abstr., 1909, i, 443) is found to be, not 
(o-p-tolueneazo-aj-dinitrotoluene, but w-nitrobenzaldehyde-o-nitro-ju- 
tolylhydrazoue, N0 2 *C fi H 3 Me’NH‘N!CPh*N0 2 ; reduction of this 
compound (which may also be obtained by the interaction of the 
sodium derivative of w-nitro toluene and m-nitro-p-toluenediazonium 
sulphate : CHPhINOgNa + N0 2 *C fi II 8 Me*N 2 *HS0 4 - NaHS0 4 + 
NOg'CgllgMe'NH'NrCPh'NOj) with tin and hydrochloric acid 
gives benzoic acid, ammonia, and 3 : 4-diaminotoluene. Similarly, the 
compound described as w-p-chlorobenzeneazo-w-dinitrotoluene (Abstr., 
1909, i, 443), m. p. 161° (decomp.), must he regarded as u-nitro- 
benzaldehyde-p-chloro-o-nitrophenylhydrazone, 

N0 2 -C c H 3 Cl-NH‘N:CPh‘N0 2 , 

and that described as w-p-bromobenzeneuzo-w-dinitro toluene as 
td-nitrobenzaldehyde-p-bromo-o-nitrophenylhydrazoue, 

N 0 2 , C g H 3 Br- NH-N ICPh'N 0 2 , 

That the white isomeride, best obtained by dissolving the diazo- 
benzene derivative of w-dinitro toluene in anhydrous benzene, is 
a-nitro-j3-nitroso-a-benzoyl-/?-phenylhydrazine, N0 2 *NBz*NPh*NO, is 
confirmed by its transformation into benzoyl azo benzene, NBzINPh 
(Abstr., 1909, i, 681). T. H. P. 

Passage of the Nitro-group from an Aliphatic Carbon Atom 
to the Benzene Nucleus. Giacomo Ponzto and R. Giovetti 
( i Gazzetla , 1909, 39, ii, 546 — 556).— The action of the sodium deriv- 
ative of (i)-isonitrophenylacetonitrileon ben zenediazonium acetate yields 
benzeneazo-w-nitrophenylacetonitrile, N0 2 ’CPh(CN)*N^NPh, which, 
by the passage of the nitro-group to the para-position of the benzene 
nucleus, undergoes spontaneous transformation into w-cyanobenz- 
aldehyde-p-nitrophenvlhydrazone, GN’OPhlN^H'Cg^'NOjj, and a small 
proportion of the corresponding o-nitrophenylbydrazone. This trans- 
formation, which is similar to that observed with the diazobenzene 
derivative of w-dinitrotolueue (compare preceding abstract), also 
takes place with substituted diazo-derivatives, the nitro-group entering 
the benzene nucleus in the ortho-position in cases where the para- 
position is occupied. The initial compounds formed from w-nitro- 
phenylacetonitrile are, however, less stable than those yielded by 
w-dinitrotoluene, and undergo isomeric change so rapidly that they 
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cannot be obtained in the dry state. Still more unstable are the 
compounds formed by to-nitro toluene with diazonium-salts, this reaction 
always giving to-nitrobenzaldehydephenvlhydrazones. In the latter 
case, it is a hydrogen atom from the aliphatic carbon atom which-' 
converts the group *N.N* into !N*NH', whilst in the previous eases 
it is the hydrogen atom from tho para- (or ortho-) position of the 
benzene nucleus. 

Btfizineazo-M-nitrophmylacetoriitrile, NO^CPl^CNJ’NlNPh, forms 
a pale yellow, flocculent precipitate. 

^(Jyanobmzald&hyde-p -nitropk&nylhydrazone, 

CK-CPh:N-NH-C 0 H 4 *NO 2 , 

crystallises in yellow plates, m. p. 208— 2(K)°, dissolves in alkali 
hydroxides, forming intensely violet solutions, and, on reduction by 
means of tin and hydrochloric acid, yields benzoic and hydrocyanic 
acids and p-phenylenediamine. 

oi-Cyanoberizaldehyde-o-nitrophenylhydrazo'tie, C 10 H 14 O 2 N 4 , crystal- 
lises in orange-red, flattened needles, in. p. 187°, gives a reddish-brown 
coloration when dissolved in alkali hydroxide solution, and yields 
benzoic and hydrocyanic acids and o-pkenylenediamine when reduced 
with tin and hydrochloric acid. 

(a-Cyanobenzaldehyde'pnitro-o-lolylhydrazonef 

CN-CPh:N-XH*0 6 H s Me*N0 2 , 

obtained by the isomeric change of o-tolueneazo-w-nitrophenylaceto- 
nitrile (prepared by the interaction of the sodium derivative of isonitro- 
phenylacetonitrile and o-toluenediazoniuin acetate), crystallises from 
benzene in brownish-yellow needles, m. p. 188°, forms intensely 
violet solutions with alkali hydroxide, and yields benzoic and hydro- 
cyanic acids and 2 : 5-tolylenediamine on reduction. 

u-Cyanobenzaldehyde-Q-nitro-p-tQlylhydrazone, 

CN’0Ph:N-NH*C^H 3 Me-N0 2 , 

formed by the isomeric transformation of ^-tolueneazonitrophenyl- 
acetonitriie, crystallises in orange-red needles, m. p. 160°, gives a wine- 
red coloration with alkali hydroxides, and yields benzoic and hydro- 
cyanic acids and 3 : 4-tolylenediamine on reduction. 

w-Cyanobenzaldekyde-o chloro-^-nitrophenylkydrazone, 
CN*CPh:N*NH-a 6 H 3 Cl*N0 2 , 

prepared from o-chlorobenzenediazonium acetate and the sodium 
derivative of w-wonitrophenylacetonitrile, forms orange-coloured 
needles, m. p. 182°, and gives violet-red solutions with alkali 
hydroxides. 

<i)-Cyambenzaldehyde-'p'Chloro-Q-nUrophenylhydrazone t formed from 
jo-chlorobenzeneazonitrophenylacebouitrile by isomeric change, crystal- 
lises in brownish-yellow laminm, m. p. 240 3 , and gives intensely violet 
solutions with alkali hydroxides in presence of a small quantity of 
alcohol. 

to -Cyanobenzaldehyde-o : p -dinitrophenylhydrazone, 
pN'CPh:N-KH*0 6 H 3 (N0. 2 ) 2 , 

formed by isomeric change of either <?- or p-Ditrobenzeneazonitrophenyl- 
acetonitrile, crystallises in reddish-brown prisms, m. p. 246° (decomp.), 
and gives intensely violet solutions with alkali hydroxide in presence 
of a drop of alcohol. T. H. P. 
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Limiting CaseB between Polymorphism and Isomerism 

Roberto Ciusa and Maurice Padoa (Atti R. Accad. Lined , 1909, [ v \ 
18, ii, 621 — 626). — m-Nitrobenzaldchydephenylmethylhydrazone form's 
two modifications, one red and the other yellow, both having m. p. 
120 — 125° (Labhardt and Zembruski,, Abstr., 1900, i, 125, found Hip 
and Bamberger and Pemse), Abstr., 1903, i, 286, 112 — 113°), at which 
temperature mixtures of the two also melt. The yellow form has the 
normal molecular weight in freezing benzene, the solution depositing 
the red modification on evaporation. Certain solvents, such as 
chloroform and benzene, convert the yellow into the red form, which 
may also be obtained by strongly cooling solutions of the yellow 
modification, or by seeding an alcoholic solution of either form with 
the red crystals. The red modification passes into the yellow 
on boiling with alcohol or ethyl acetate, on seeding its alcoholic solu- 
tion with a yellow crystal, or on prolonged immersion in water or 
alcohol. There is no apparent or spectroscopic difference between 
solutions of the two products even when these are freshly dissolved. 
Both forms give with picryl chloride one and the same additive 
compound, which undergoes a considerable amount of dissociation even 
in concentrated alcoholic solution, giving the red hydra zone. 

p-Nitrobenzaldehydephenylmethylhydrazone also occurs in two 
forms, one red and the other yellow, both having m, p. 130° (Labhardt 
and Zembruski, toe . eit. y found 132°). In this case, too, each form 
can be transformed into the other, but the change in colour is less 
distinct than with the meta-isomeride, and the red modification is 
very unstable unless stored under special conditions. o-Nitrobeiu- 
aldehydepbenylmethylbydrazone occurs only in a red form, m. p, 90° 
(Labhardt and Zembruski, loc . cit, found 77°), but ?n-nitroanisaldehyde- 
p-nitrophenylhydrazone, which is yellow when perfectly dry, becomes 
red immediately in moist air (Abstr., 1907, i, 137). 

The criteria given by Wegscheider (Abstr., 1902, ii, 126) are 
insufficient to indicate whether this phenomenon is a case of isomerism 
or one of polymorphism. In this and in other cases, the phenomena 
of polymorphism and of isomerism approach so closely that the exist- 
ence of a line of demarcation is not evident (compare Fock, this vol., 
ii, 23). T. II. B. 

Pantachromism of Dimethyl- and Diphenyl-violurates. 
Arthur Hantzsch and Robert Robison (Ber„ 1910, 43, 45 — 68. 
.Compare Abstr., 1909, i, 331, 333, 335). — In addition to the yellow 
lithium dimethyl violurate (loc, ctf., i, 335), &red salt, C 6 H 6 0 4 N 3 Li, has 
been prepared. It yields carmine-red compounds with lEtOH and 
1H 2 0; The yellow salt becomes red in the presence of traces of water. 
The solutions of the two lithium salts in pyridine are red, and in phenol, 
orange-coloured. A yellow compound with phenol, C 6 H 6 0 4 N 3 Li,PhOH, 
is described ; it loses phenol when exposed to the air, and forms the red 
hydrated salt. 

When the violet sodium salt is exposed to' the air, it absorbs 
moisture (1 mol.) and becomes red. A red anhydrous sodium salt can 
be prepared by heating the compound containing ethyl alcohol. The 
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compound with phenol (lPhOH) is yellow, and when heated at 100° 
with methyl alcohol yields the anhydrous red salt. The blue potassium 
salt when exposed to the atmosphere yields the violet hydrate (|H 2 0) ; 
the corresponding phenol compound has a rose-red colour. 

The Bluish-violet rubidium salt {toe. cit., 334) contains 0‘5H 2 O, and 
when boiled with methyl alcohol yields a pure blue anhydrous salt ; the 
phenol compound has a rose-red colour. The caesium salt crystallises 
from alcohol in deep indigo-blue needles, and yields a rose- red phenoxide, 
Dimethylvioluric acid and phenol yield a yellow additive compound. 
Two coloured silver pyridine salts, C 0 H 6 O 4 N 3 Ag,C 5 NH 5 , have been 
prepared : a labile green salt by the addition of ether to the pyridine 
solution of brown silver dimethylviol urate, and a stable bluish-violet 
salt obtained when the greon salt is left in contact with ether and 
pyridine. 

The methylamine salt, C t; H 7 0 4 N 3 ,NIT.jMe, has a rose-red colour, and 
when exposed to the air yields the yellow acid salt ; the dimethylamine 
salt is violet, the normal trimetkylamine salt is blue, the acid salt 
orange-yellow, and the te tr amethyla mmon dum salt is blue., The ethyl- 
amine salts are very similar. The normal tripropyiamme salt could 
not be isolated ; the acid salt, 20 (> II 7 0 4 N 3 ,NPr 3 , is orange-yellow. The 
dibenzylamine salt exists in a labile red and a stable bluish-violet 
modification. Piperidine yields a stable blue and a labile red salt, 
C.H-0 4 N 3) C 5 H u N. Pyridine yields a stable yellow acid salt. 

Diphenyl violuric acid was prepared by a modification of Whiteley’s 
method (Trans., 1907, 91, 1330); the pure neutral salts are best 
prepared in alcoholic solution, as they readily decompose in the 
presence of aqueous alkalis. They crystallise with alcohol, which can 
be completely removed by heating the very finely divided salt. The 
lithium and sodium salts exist in labile red and stable yellow modifica- 
tions, and yield red compounds with lEtOII. The ammonium 
salt forms a violet compound with EtOH. The normal potassium , 
rubidium , and caesium salts aro blue, and the acid rubidium and 
caesium salts greeo ; the magnesium and zinc salts are yellow ; the 
thallous silver salts exist in stable green and labile colourless forms. 
The acid silver salt, C 32 H 21 0 g N 6 Ag,3II 2 0, has an orange colour. 
The salts of dimethyl- and diphenyl-violuric acids exhibit both panta- 
ebromism and chromotropism. The labile forms of the salts are 
usually stable when perfectly dry, but pass readily into the more 
stable forms in the presence of a little water or alcohol. An 
increase id the depth of colour of the salts is observed as the 
metallic radicle becomes more positive, and iu the case of substituted 
ammonium salts an increase in depth of colour is observed with an 
increase in the number of alkyl groups. The addition of phenol to 
the molecule of the alkali salts results in a diminution of colour, 
whereas the addition of pyridine produces an increase in colour, 
except in the case of the compound of silver viol urate and pyridine, 
which is colourless, and to which the formula 

co <I!K> c:n -° a s 

is ascribed. 

An increase in the depth of colour with an increase in the positive 

VOL. X.CVI1I, 1 . V 



i. 198 


ABSTRACTS OF CHEMICAL PAPERS. 


Datura of the metallic radicle is noticed in the case of concentrated 
aqueous or alcoholic solutions, and also of solutions in non-ionising 
'solvents, such as chloroform or phenol. A negative solvent tends to 
dessen' th$ depth of colour of the solution of any given salt,* 
.Molecular-weigtit determinations in phenol and ethyl acetate indicate 
,ihat the different coloured isomeric salts are unimolecular. 

The absorption spectra solutions of the acids and of their alkali salts 

liave been measured. t . 

A comparison of the absorption curves for diphenylvioluric acid, its 
(.‘lithium and caesium salts, and nitrosoisopropylacetone (Baly and Desch) 
points to the conclusion that the blue violurates should be represented 

as nitroso-enolic salts: 

The violuric acids as true oximino-ketones are the more completely 
transformed into the structurally isomeric nitroso-enols the more 
positive the nature of the metallic radicle present and the solvent, 

<J . J. S. 


Pantachromic Salts of Oximino - oxazolones. Arthur 
Hantzsch and J. Heilbron {Ber., 1910, 43, 68—82. Compare 
Hantzsch and Kemmerich, Abstr., 1909, i, 336). p-Bromo- and 
®-methoxy-derivatives of oximinophenyloxazolone yield pantachromic 
salts with colourless bases. The esters and acyl derivatives on the 
other hand are only pale yellow. The salts of the bromo-derivative 
are comparatively stable, and dissolve in various neutral solvents. 
Molecular-weight estimations in acetone, pyridine, and chloroform 
indicate that the salts, both ammonium and metallic, are unimolecular 
in solution. The colours of the salt solutions in non-ionising media 
increase in depth with thd positive nature of the metallic radicle 

^ The absorption spectra, both visible and ultra-violet, of the 
oxazolones and their salts in different solvents have been tabulated. 
The free acids are true oximino compounds, and their absorption 
spectra resemble those of their ethers and acyl derivatives. The 
phenolic -solution of the oximino-compound is distinctly yellow. The 
ultra-violet spectra of the salts do not differ materially from those of 
tbe free acids, but the visible spectra of the salts show characteristic 
absorption bands which are not present in the spectra of the free acids. 
The blue solutions of the potassium, rubidium, caesium, and tetra- 
alkylammonium salts give practically identical spectra. The conclusion 
is drawn that the yellow salts derived from feeble bases possess the 
true oximiDo-ketone structure, whereas the blue salts derived from 
strong bases have a nitroso-enolic structure. 

Bromophenyloxazolone, prepared from ethyl p-bromobenzoylacetate 
and hydroxylamine, crystallises in glistening plates, m. p. • 
(decomp.), and reacts with mtrous acid ; yielding oximo-yto'om- 

phenylomzolone, C 6 H 4 Br-C<* . 0H) .£ O ' which cr > sta,liseS 1,8 1 
pale yellow monohydrate. The anhydrous compound has a pure 
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yellow colour and decomposes at 166°. The salts readily decompose in 
aqueous alkaline solutions, but are stable in alcoholic solution. The - 
lithium salt, C 0 H 4 O 8 N 2 BrLi\ exists in a stable yellow form only,; the 
sodium salt forms orange-red needles, which form a pale rose-coloured 
monohydrate. The potassium salt exists in a rose-red and a reddish-violet > 
form, and forms a pale red phenol compound, C 9 H 4 0 3 N 2 BrK,G fi H 6 -0H. 
The acid potassium salt is yellow. Hose, blue, and violet rubidium salts 
have been prepared ; the acid salt is golden-yellow, and the phenol 
compound, pale red. Rose-coloured and bluish -violet caesium salts, 
together with pale red phenol compound, are described. The barium 
salt, (CpH^^NjBr^Ba^HjjO, is red, but when dehydrated is orange- 
coloured. Similar calcium and magnesium salts have been obtained. 
The zinc salt, (C 9 H 4 0 3 N 2 Br) 4i Zn, is pale yellow, the lead salt pale rose, 
and the thallium salt flesh-coloured. A blue, an orange, and a Jlesh - 
coloured silver salt have been prepared, and a carmine-red monohydrate ; 
the orange and the blue salts yield the same methyl ether. The silver 
salts are insoluble in neutral media, but dissolve in pyridine, yielding 
dichromatic solutions, ihe following additive compounds are described : 
C 9 H 4 0,N 2 Br A g, 2 C 5 II 5 N, violet; C 9 H 4 O g N 2 BrAg,2NH 3 , deep blue; 
C 6 H 4 0 3 N 2 BrAg,NH g , rose ; 0 9 H 4 0 3 X 2 Bi , Ag > CH 3 0K, carmine-red. 

The ammonium salt is orange-coloured ; the methylamine, elhylamine, 
propylamine, and benzylamine salts are rose-coloured; the dimethyl - 
amine and diethylamine salts are salmon-red ; the dipropylamine salt, 
orange-coloured; the dibenzylamine salt, red; the trimelhylumine salt, 
violet; the triethylamine salt, bluish -violet ; the tripropylamine salt is 
red, and the quaternary ammonium salts crystallise in deep blue plates 
and their solutions resemble those of the alkali salts. The normal 
pyridine and picoline salts are pale yellow. The methyl ether , 


C 6 H 4 Bi-C< 


C(:N-OMe)-CO 
JS T 6 ’ 


forms pale yellow crystals, m. p. 129° (decomp.). The acetyl derivative 
also forms yellow crystals, m. p. 161° (decomp.), and the benzoyl 
derivative decomposes at 167°. 


Anisyloxazolone , 


OMe*(LH/C<! XT 2 A > forms 

U -1 0 


crystals, with a 


satiny lustre, and m. p. 140 — 141° (rlecoinp.). The o-rmirco-derivative, 
CfNOHVCO 

OMe'CflH^r^A ^ , forms a yellow monohydrate ; the anhydrous 


compound has a deeper yellow colour, and decomposes at 149°, The 
salts are not so polychromatic as those of the corresponding bromine 
derivatives 

The following salts are described : Sodium, C 10 H ? O 4 N 2 Na, orange- 
red ; potassium, reddish-purple ueedles ; caesium, bluish-violet ; 
ammonium, red ; silver , labile rose-coloured and stable blue ; 
9io^0 4 N 2 Ag,2NH 3 , red. The methyl ether , C n H 10 O 4 N 2 , crystal- 
lises in pale yellow needles, m. p. 126°, and when hydrolysed 

C(CO.H)IN 

yields ani&ylfurazancarborylic acid, 0Me , C fi E 4 , C^.^. 1 m. p. 

99—100°. This acid is undoubtedly formed by the addition of water 

V 2 
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and the opening of the oxazolone ring, 
of methyl alcohol. 


and the subsequent elimination 

j. j. a 


Pantacbjromism of Violurates and Salts of Analogous 
Oximino-ketones. Arthur Hantzsch (Bat., 1910, 43, 82 91).-^ 
The following general conclusions are given: (1) all polychromatic 
salts are uniniolecular in solution, pointing to the isomerism and not 
polymerism. of different coloured salts derived from the same metal ; 
(2) the solutions pass from yellow or orange through red and violet to 
blue as the positive nature of the metallic radicle increases ; (3) the 
absorption curves of yellow solutions are somewhat analogous to the 
curves for solutions of the free oximino-ketones in indifferent solvents 
and to solutions of their acyl and methyl derivatives. Deep blue 
solutions, on the other hand, show distinct selective absorption, and 
are optically closely related to blue aliphatic nitroso-compounds. The 
change in colour is attributed to a chemical change, namely, to the 
passage from the oximino-ketone form to the nitroso-enolic form ; 

o:oc:n*oh — oh*c:9*no. 

All solutions of the salts consist of an equilibrated mixture of the 
two forms, the proportions of each depending on the positive character 
of the metallic or substituted ammonium radicle present, and also on 
the nature of tho solvent. It is shown that a mixture of the yellow 
acetone solution of zinc diphcnyl- 


0 O 
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and 

II ! 

\/° 
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violurate with the blue acetone solu- 
tion of potassium diphenylviolurate 
is red and not green. 

Leueo-saHs yield yellow solutions, 
indicating a partial conversion into 
the nitroso-enolic form. The solid 
salts of orange, red, or purple colour 
are also regarded as mixed crystals 
of the two isomeric salts. 

When a salt exists in a yellow 
and a blue form, these are regarded 
as isomeric in the sense of Werner’s 
valency-isomerism (for example, 1). 

Similarly, the yellow and red salts 


of nitrophenol are represented as (II) 

Tho red aci- ethers are regarded as analogous to the red salts. 


Purpuric Acid. Arthur Haxtzsch and Robert Robisox 

(Ber., 1910, 43, 92 — 93). — The formula of Piloty and Slimmer 

and Stieglitz (Abstr., 1904, i, 634) for purpuric acid is analogous 
° n 

to that of tho blue violurates: CO<C^ T alld 


^■NH CO 


>C(OHr C ^* C <CO-NH^ Ca 


It lias not been found possible to prepare coloured ethers or 
to isolate the puro N .violuric acid. A method is recommended foi tie 
preparation of pure murexide (ammonium purpurate) (compare 
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Hartley* Trans,, 1905, 87, 1981). The values for the electrical 
conductivity of the pure salt are: ^ = 51% = 51*5, Ml024 = 51 8, 

an d fx# = 52*9. The conductivity of the system: murexide + HC1 = 
purpuric acid + NH 4 Cl has been determined at 0°. The purpuric^ 
acid is only slowly transformed into uranil and alloxan, and becomes 
colourless after three days. The initial value for /x 512 is 225, but this 
gradually falls to 167 after twenty-five minutes, and to 21 after 
three days. 

The value for purpuric acid at 0° has been found to be 248'8 
from the equation HC1 - NH 4 Cl -f | u. x murexide = /jt x purpuric 

278-8 82-9 52*9 248*8 

acid. The degree of dissociation at () n and is thus 0-9, and K =0-0158. 

Alloxan is not regarded as a quinonoid substance, since it shows 
only general absorption. J, J. S. 

Synthesis of 5 : 7 : 5' : 7'-Tetrachloroindigotin. Erwin Oberreit 
(Compt. rend., 1910, 150, 282 — 283. Compare Danaila, tbis vol., i, 
137). — The constitution of this substance follows from the fact that it 
may be prepared from dichloroglycine-o carboxylic acid which has 
been obtained from 3 : 5-diehloroanthranilic acid. \V. O. W. 

Quinoline-Red. Eduard Vongerichten and L. Kraxtz (Ber., 
1910, 43, 128 — 130). — Quinoline-red is obtained by the interaction of 
molecular proportions of benzotrichloride, quinaldine, and ■ isoquinoline 
in presence of zinc chloride (Hofmann, Abstr., 1887, 380). When 
oxidised with potassium dichromate, a base is formed, m. p. 125°, 
which is regarded as quinolyl iso quinolyl ketone , C 9 H 6 N , CO*C 9 H 6 K, 
since on heating it with concentrated potassium hydroxide, isoquinoline 
and an acid, probably quinaidinic acid, arc formed. The base dissolves 
with a yellow coloration in concentrated acids, and yields an intensely 
yellow-coloured, crystalline precipitate with phosphorus pentachloride 
in chloroform solution. The oxime forms somewhat grey-colourcd, 
glistening plates, m. p. 245°. A second product of the oxidation is 
benzaldehyde. E. F. A. 

Acenaphthene Series. Fritz Ullmann and Erwin Cassirer 
(Ber., 1910, 43, 439 — 445). — As acenaphthene is now a commercial 
product, the authors have attempted to convert it into dyes or into 
products from which dyes may be obtained. 

A 40% yield of naphthalic acid can be obtained by oxidising 
acenaphthene with sodium dichromate and sulphuric acid (compare 
Graebe and Gfeller, Abstr., 1892, 863). Naphthastyril (Ekstrand, 
Abstr., 1886, 715 ; 1889, 52) is formed when naphthalimide is 
treated with sodium hydroxide solution and then with sodium hypo 
chlorite at 15 — 25°. It reacts with 10% sodium hydroxide solution 
and p-toluenesulphonic chloride, yielding S^-toluenesulphonylamino- 
naphthoic acid , C 7 H 7 *SO 2 *NH , C ]0 H 6 , CO. 2 H, as colourless needles, 
m. p. 158 — 159° (decomp.). With acetic anhydride the acid yields 
p -toluenesulphonylnaphthastyril, C 16 H 13 0 3 NS,as straw-yellow, glistening 
needles, m. p. 174°. 
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Phenylacenaphthapkenazonium’' nitrate (annexed formula), obtained 
from acenaphthenequmone, a-aminodiphenylanune, and acetic and 
* ' V’* ' * nitric acids, crystallises in glistening, yellow 

■y—\ ■ ' needles. It‘ dyes cotton mordanted with 

/ . A-CHtf — \ tannin a pale lemon-yellow. The zincockloiide, 

O— || I 20^^ 5 N 2 ZnCl s , forms yellow plktes with a 

Q * ^-C-NPlr brassy lustre ; the dichromate, 

I (c 21 h 15 n 2 ) 2 o 2 o 7 , n . 

N0 S forms a yellowish-brown, crystalline powder, 

and the free base, C 26 H 15 N 2 *OH, a yellowish- 
green precipitate. The methyl ether , G 25 H 18 ON 2 , forms glistening, 
yellow crystals, m. p. 180 — 185°. 

3 -Chlorophenylnaph thaphenazoniu m nitrate , 

. xt 


^-ONPl/ 


C 10 H 6 <| 


>C 6 H 3 C1, 


10 6 C*NPh(N0 3 ) 

obtained from acenaphthenequmone and 5-chloro-2-aminodiphenyl- 
amine, forms yellow needles, and dyes cotton mordanted with tanDin a 
yellowish-green. The methyl ether , C 25 H l7 ON 2 Cl, forms pale green, 
glistening plates, and has in. p. 200 — 220°. 

2'Aminophenyl-acenaphthaphenazonium chloride, 

c >o h c<§:S“>c 6 h 8 -nii, 

crystallises in deep violet-coloured needles, and dyes mordanted 
" cotton Bordeaux-red. The nitrate , 

. N N C 24 H 16 0 3 N 4> crystallises in violet 

(\-<y |\/\/|\/\ plates. Tb e acetyl derivative, 


/ !/\/\i/\/ crystallises in long, red needles. 

\ — / N N A cenaphthaphenazineazhie (annexed 

formula), obtained by condensing 
acenaphthenequmone and 2 :3-diaminopbenazine in acetic acid solution, 
crystallises in red needles, which are not molten at 320°, 


Methylene-Blue. Paul Landauer and Hugo Weil ( Ber 1910, 
43, 198 — 203). — Diirrschnabel has shown (Diss. } Giessen, 1907) that 
icdaminee, oxazines, thiazines, and other para-quinonoid substances 
are converted by sulphurous acid or hydrogen sulphite into 
sulphonated louco-com pounds, whilst ortho-quinonoid substances, such 
as the indulines and safranines, are not reduced, and usually form 
’sparingly soluble sulphites. The authors find that phenylhydrazine 
acts in a similar way. Mothylene-blue, suspended in alcohol, is 
treated with phenylhydrazine at the ordinary temperature j after 
half an hour’s warming on the water-bath, the system is allowed to 
cool in carbon dioxide or coal gas. Nitrogen is evolved, and leuco- 
methylene-bluo, m. p. 185°, is obtained in yellow needles. The leuco- 
compound is stable in dry oxygen, and in the presence of alkaline 
oxidising agents can be directly acetylated by acetic anhydride, an 
yields a yellow sodium salt with alcoholic sodium ethoxide. Methylene- 
green by similar treatment yields brown needles of nitroleucomeihylefie 

blue , C l6 H 18 0 2 N 4 S, m. p, 146—147°. c - S. 
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Synthesis of Hetero- condensed, Heterocyclic Compounds 
with TWp Nuclei. ; Derivatives of 2-Methyl-l : 3-triazo 7 : OK 
pyrimidm© [2-Methyl-l : 3 :7 : 9-benztetrazole] from 5- Amino* 

> 2 -methyl-l : 3 : 4-triazole. Carl BAlow and Karl Haas (tier.', 1910, . 
43,-375— 381. Compare Abstr., 1909, i, 614, 615 (and Errata), U70 
this voI. r i, 80, 81). — 5-Amino-2-methyl-l : 3 : 4-triazole contains 
labile hydrogen atom attached to the nitrogen next the basic grdup * 
Accordingly, it interacts with 1 : 3-diketones, forming di- and tri- 
alphyl or aryl derivatives of 2-methyl-l : 3 : 7 : 9-benztetrazole, or with- 
keto-estors, forming methyl benztetrazolehydroxylie acid derivatives. v 

PUa — v-.n*\r 

2:4:6- Trimethyl - 1 : 3 : 7 : 9 - benztetrazole, I . V’ 1 ^-CMe. 

CH.CMe*N*N' 

prepared by interaction of the aminotriazole with acetylacetone, forms 
colourless needles, m. p. 141 — 142°. 

n\Tp — v.p-y 

2 • 4 : 5»: $-Tetramethyl-l : 3 : 7 : 9 -benztetrazole, i i >.CMe. 

CAlelCMe'N’Sr 

obtained in a similar manner from methylacetylacetone, has m. p, 
116—117°. 

A-Phenyl-2 : Q-dimdhyl-\ : 3 : 7 : §-henztetrazoU forms colourless, radi- 
ally grouped, long, thin prisms, m. p. 110—111°. 

i-Hydroxy -2 : Q-dimethyl-l : 3 : 7 : S-benztetrazole, 

CMe~=N*C:N 

CH:C(OH)-N-N^’ CJIe ’ 

obtained by boiling aminomethyltriazole with ethyl acetoacetato in' : 
glacial acetic acid solution, separates in glistening crystals, m. p. above. 
280°. This and the following compounds are acidic, forming salts with 
alkalis. These react neutral in aqueous solution, and give amorphous 
or crystalline precipitates with salts of the heavy or alkaline-earth 
metals. Thus the lead salt forms short plates ; the copper salt, bright 
green needles ; the zinc salt, stellar aggregates of needles ; the calcium 
salt, glistening needles. 

i-Iiydroxy-% :§-dimethyld)~ethyl-\ : 3 : 7 : §-be7iztetrazole, prepared from 
ethyl ethylacetoacetate, has m. p. 262°, and forms soluble neutral salts, 
which are not decomposed by carbon dioxide. 

i-Hydroxy-§-phenyl-2-methyl‘\ : 3 : 7 : d-bcnztetrazole, obtained from 
ethyl benzoylacetate, forms long, colourless needles, which do not 
melt at 293°, E. E. A. 

Yellow and Red Forms of Salts and Hydrates of Hydroxy- 
azo-derivatives. Arthur Hastzsch and Philip AV. Robertson (Ber., 
1910, 43, 106—122. Compare Tuck, Trans., 1907, 91, 450; Gorke,i 
Koppe, and Staiger, Abstr., 1908, i, 477). — The salts of hydroxy-azo- 
compounds appear to exist in yellow and red modifications similar to 
the yellow and red salts of nifcrophenols. It is only in the case of 
silver salts -that yellow and red isomeric salts have been obtained 
from the same compound. Salts of the type R'N^CgHj’OM-l- 

0 5MeOH (EtOH, CH s *C0. 2 Et,COMeo, orC^H.N) are common ; they are 
orange- coloured, and are regarded as compounds of 1 mol. of red salt, 

1 mol. of yellow salt, and 1 mol. of the crystallising medium. When 
the last is removed, they yield red or yellow salts, or, sometimes, orange- 
coloured salts. 
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The following table gives the colours of the salts of four 
compounds : : 


Benzene- ^-Chlorobenzene- p-Bromobenzene- 

azoplienol. azophenol. azophenol. 

H Yellow * Yellow Yellow 

.Li Pale yellow Pale yellow Pale yellow 

Na Orange Orange Orange 

K Red Pale red Red 

Rb Dark red Orange Red 

Cs Tale red Red Red 


f Yellow (stable) Yellow (stable) Yellow (stable) 
(Red (labile) Red (labile) Red (labile) 


hydroxyazo. 

Benzene- 

azo-o-di- 

bromopheitol. 

Orange 
Pale yellow 
Yellow- 
Orange 
Orange 
Orange 

Red 


It is noticeable that the lithium salts are paler in colour than the 
original hydroxy-derivatives, and that, as a rule, the caesium salts are 
paler than the rubidium. 

The hydrates of hydroxyazo-compounds also appear as represent- 
atives of two chromo-isomeric series. 

The following aretheeolours of the hydroxyazo-compounds and of their 
hydrates (0 5 or 1 mol. II. 2 0) : o-Chlorobonzeneazophenol, red, yellow; 
meta-compound, yellow, red; para-compound, yellow, yellowish-red; 
o-bromobenzeneazophenol, red, yellow ;■ meta-compound, yellow, red; 
para-cotnpound, yellow, red ; o-tolueneazophenol, yellow, yellow ; meta- 
compound, yellow, yellow ; benzeneazo-m-cresol, yellow, yellow ; 
m-chlorobenzeneazo-tti-eresol, yellow, red ; o-tolueneazo m-cresol, yellow- 
ish-red, yellowish-red ; henzeneazo-o-chlorophenol, yellowish-red (labile), 
yellow (stable), yellowish-red. The last-meDtioned colour in each case 
refers to that of the hydrate. 

The determinations of the absorption spectra and of the molecular 
extinctions of solutions of the salts and hydrates show that the yellow 
and red forms are not polymorphous or polymeric. The solutions in 
indifferent solvents have much the same colours as the solid salts. 
The nature of the solvent also affects the colour of the solutions, the 
more positive the nature of the solvent (namely, pyridine) the deeper 
the colours. These solutions of salts of hydroxyazo-compounds are 
regarded as equilibrium mixtures of yellow and red salts, just as in 
the case of the violurates. From such solutions tho orange-coloured 
additive compounds (1 mol. yellow, 1 mol. red, 1 mol. solvent) separate, 
as they are sparingly soluble. All these solid additive compounds have 
practically the same colour, so that the effect of different solvents on 
t the solids is practically nil ; since, however, the solutions have different 
colours it is probable that the relative amounts of red and yellow salts 
in the different solutions vary considerably. The increase in colour of 
the salts, as compared with the free hydroxy-compounds, indicates that 
salt formation as a rule favours the formation of the red form. It is 
shown that mere salt formation (Gorke) has not necessarily an auxo- 
- chromic effect, since lithium salts are paler than tho free hydroxy- 
compounds, and dipropylamine salts in some cases give absorption 
curves exactly analogous to those of the free hydroxy-compounds. 

The following structural valency formulae are suggested for the 
yellow and red forms : 



ORGANIC CHEMISTRY. 


i, 205 


C b H 4 < I and 
\0-M 


on/ 


N — NPh 

I 

0 M 


w hero the dotted lines represent subsidiary valencies. 

The following values for the molecular extinctions (A. = 546) of 
hydroxyazobenzene and its salts in different media at 15° and F=200, 
are given : 

Rubidium salt in pyridine 510, in ethyl acetate 81/in"alcohol 44 ; 
c®sium salt in alcohol 24, in benzene + 4% alcohol 18, in hexane + 4% 
alcohol 14; lithium salt in ether 12; dipropylamine salt + 100 mols. 
dipropylamine in benzene 9 ; hydroxyazobenzene in carbon tetra- 
chloride 8, in chloroform 7, in pyridine 7, in benzene 7, in alcohol 4. 
The values for the molecular extinctions (A — 546) for salts of dibromo- 
hydroxyazobenzene at 15° and F=400 are : 


Solvent. hi. Na.. K. Kb. Cs, 

Ether 15 17 18 18 — 

Alcohol 39 37 85 35 36 

Pyridine HO 179 180 210 220 


J. J. 8. 


Formation and Decomposition of Symmetrical Bisazo- 
compounds of Ethyl Arylhydrazonemesoxalylbishydrazone- 
acetoacetatea and of Ethyl Malonylbishydrazoneaceto- 
acetate. Carl Bulow and C. Bozeniiardt ( Ber ., 1910, 43, 
234 — 242). — Ethyl malonylbishydrazonebenzeneazoacetoacetate reacts 
with one molecule of benzenediazonium chloride, yielding ethyl phenyl- 
hy drazonemesox alyl bishy drazonebenzeneazoacetoacetate with 72% yield 
(compare Abstr., 1908, i, 253). In addition, small quantities of ethyl 
benzeneazoacetoacetate, cycfomalonylbydrazide, and 4-benzeneazo-3- 
methyl-5-pyrazolonc are formed. Ethyl phenylhydrazonemesoxalyl- 
bishydrazonebenzeneazoacetoacetate, when warmed with phenyl- 
hydrazine, decomposes into 4-benzeueazo-l-phenyl-3-methyIpyrazolone 
(orange needles, m. p. 154 — 155°; yield 85%), A-benzeneazopyrazolidon-e 
(m, p. 266°), and hydrazine. When boiled with dilute potassium 
hydroxide, it yields 4-benzeneazo-3-methy 1-5 -pyrazolone and mesoxalie 
acid-phenylhydrazone ; whilst by the action of boiling acetic acid 
4-benzeneazo-3-methyl-5-pyrazolone, ethyl benzeneazoacetoacetate, and 
4-benzeneazo-3 : 5-pyrazolidone are produced. Dimethyl mesoxalate- 
phenylhydrazone (compare Abstr., 1905, i, 90), when treated with 
hydrazine hydrate, yields « iesoxalylphe r uylhydrazonedihydrazide i m. p. 
164°. The diacetyl derivative has m. p. 246—247°. The dihydrazide 
condenses with ethyl benzeneazoacetoaeotate, giving ethyl phenyl- 
hydrazonemesoxalylbishydrazonebenzeneazoacetoacetate, the constitu- 
tion of which is confirmed by this inode of preparation. The above 
dihydrazide when boiled with acetic acid also yields 4-benzeneazo*3 : 5- 
pyrazolidone of m. p. 266°, alreidy mentioned. Ethyl phenylhy^dr- 
azonemesoxalylbishydrazonebenzeneazoacetoacetate is also produced 
by condensing equimolecular quantities of benzenediazonium chloride 
and ethyl malonylbiskydrcizonebenzeMazoacetoacelate. The latter is 



L 206 ' 


ABSTRACTS OF CHEMICAL PAPERS. 

fotmed,m80% yield by 1 the eoqdensation of f' molecules of ethyl ben. 
zeneazoacetoacetate with malonyldihydrazido. ]Ifc is decomposed by 
boiling alcohol into ethyl malonate and 4-benzeneazo-3-methyl-5. 
pyrazolone. On heating, it melts at 128°, then gas is evolved, and the 
mass solidifies, melting again at 217 — 218°. In this process the 
theoretical quantity of alcohol is evolved, and the residue consists of 
4-benzeneazo-3-methyl-5-pyrazolone and 1 : l-malonylbis-i-benzeneazo- 
&methyl-5- pyrazolone (compare Abstr., 1907, i, 986), m. p. 225 , 5°. On 
boiling with potassium hydroxide or pyridine, the latter yields 
4-benzeneazo-3-methyl-5-pyrazolone and malonic acid. ♦ 

i Ethyl malonylbishydrazoneacetoacetate yields with 3 molecules of 
’jj-diazotoluene chloride, ethyl-pdolylkydrazonemxsoxalylbiskydrazont- 
tolume-p-azoacetoacetate , orange needles, m. p. 209 — 210°. By the 
condensation of malonyldihydrazide with ethyl toluene-p-azoaceto- 
acetate, ethyl malonylbishydrazonetoluene-p-azoacetoacetate , orange 
needles, m. p. 114—115°, is produced. R. V. S. 

Azo-dyes derived from 2 : 4rDimethylpyrrole and H^mo- 
pyrrole. Leon Marchlewski and J. Robel (Ber., 1910, 43, 

260 266 *). — For the purpose of comparison with the azo-dyes 

obtained from hsemopyrrole ami chlorophyllpyrrole, the authors have 
investigated the diazotisation of dimethylpyrrole. In addition to the 
monoazo-derivative of Plancherand Soncini (Abstr., 1901, i, 432), they 
Slave obtained small quantities of a substance , C 24 H 25 N 6 C1, which they 
puppose to have the formula : (N 2 Ph*C 0 Hi 7 .N , OgH^N , N 2 -t > h)IICl, It 
^crystallises in well-developed red needles having a metallic lustre, and 
it is only slightly soluble in most solvents. In physical characteristics 
(including the absorption spectrum) the substance shows similarity to 
the azo-derivative of haemopyrrole. R. V. S. 

Reduction of Nitroao-derivatives of Acetyl- and Benzoyl- 
hydrazobenzene. Lours Nomblot (Compt. rend., 1910, 150, 
338- — 339). — yilro8oacetylhydrazobenzene, NAcPh* N Ph*NO, obtained 
by adding ethyl nitrite to acebylliydrazobenzene suspended in alcohol, . 
^occurs in yellow prisms, m. p. 65°. The corresponding benzoyl derivative, 
crystallises in pale yellow leaflets, ra. p. 116'5°. The action of reducing 
agents on these two substances has been studied. An alcoholic 
solution of hydrazine hydrate converts them into the corresponding 
acidylhydrazobenzene, with liberation of ammonia. Aluminium 
amalgam gives aniline, together with acetanilide or benzanilide. Zinc 
dust in presence of acetic acid at 0—5° gives no reduction products. 
|Under no conditions were triazan derivatives obtained. W. O. W. 

J| [Preparation of p- Aminophenyl-2-azimino-5-naphthol-7- 
^eulphonic Acid ] Gesellschaft fur Chkmische Industrie in Basel 
^D.R.-P. 214658). — p-Aminophenyl-2-azimino-5naphtholr7-sulphonu 

acid, a grey, crystalline powder sparingly soluble in water and 
employed in the production of Bordeaux-red dyes, is prepared by the 
. following series of operations: 

l-Chloro-2 : 4-dinitrobonzene is condensed with £-naphthylamine- 

* and Bull. Acad . Set. Cracow , 1910, A , 1—8, 
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5 : 7*disul phonic acid, yielding 2 : 4-dinitroplienyl^-naplithylamine- 
g : 7-disulphonic acid ; this is reduced with sodium sulphide and 
ammonium chloride to ^nitroo-aminophsnyl-^-naphthjlamim^ : 7- 
disulphonic %cid, the disodium salt of which forms red, crystalline 
leaflets. This substance is treated with sodium nitrite in the presence 
of sulphuric acid, and the resulting nUroazimino-c ompound reduced 
with iron uiings to ^minophenyl-%aziminonaphthalene-5 : 7-di$ul- 
pkonic acid > grey needles, which, on heating with sodifhji hydroxide 
solution at 180— 190°, yields the foregoing naphtholsulphonie acid. 

♦ F. M. G. M. ■: 

A^oarylhydrazinesulph.onic Acids, Julius Troger and A, 
Westerkamp {Arch. Pharm 1909, 247, 657—698). — The hydrazine- 
sulpbonic acid, obtained by the action of sulphur dioxide on aqueous 
benzenediazonium sulphate (Abstr., 1904, i. 118; 1906, i, 120, 995, 
994), has been synthesised by Troeger and Puttkammer (Abstr., 
1907, i, 263) by converting diazotised aminoizobenzene into azo- 
benzenediazosulphonate, and reducing the latter by ammonium 
sulphide : 

K 2 Ph*C fl H 4 *NH 2 — > N 2 Ph-C 6 H 4 -N 2 Cl N 2 Ph-C fl II 4 *N 2 ;(>S0 2 K 

(Labile salt.) 

-> N 2 Ph-C 6 H 4 *^ 2 -SO s K -> N 2 Ph*C t} U 4 -NH‘NH-S0 3 H. 

(Stable salt.) 

This synthetic process has now been applied to numerous aminoazo- 
com pounds, whereby hydrazinesulphonic acids are obtained, which are 
red, blue, violet, or brown ; they are best purified by means of their 
salts with aromatic amines, and are reduced by stannous chloride and 
hydrochloric acid in the sense of the equation : 
NjPh'C^’NH-NH'SOjjH + 6H + H 2 0= 

NH,Ph + NU 2 *C 6 TI 4 *NH 3 + Nfl. { + H. 2 S0 4 , 
a monoamine and a diamine always being formed. When heated 
with alcoholic hydrogen chloride and an aldehyde or ketone, the 
hydrazinesulphonic acids lose the sulphonic acid group, and are con* 
verted into bydrazoues which form coloured salts with the hydrochloric 
acid. 

4-Ammo-oWazotoluene thus yields a reddish-brown o'm-azololuene- 
i-hydrazinesulphonic acid y C^H^le-Nj'CJ^HjMe'NK'NH’SOgH (the 
potassium and barium salts are described ; the \t-toluidine salt, 
C u H 15 N 4 -S<VNH s -C ; H 7 , 

m. p. 158°, forms yellow needles), which yields o-toluidine and 
1:2: 5- tolylene diamine by reductive fission, and in the presence of 
alcoholic hydrogen chloride reacts with salicylaldohyde to form 
O'hydroxybenzylidene-o'm-azotoluene- 1-hydrazone, 

C 6 H 4 Me*N 2 *0 (J H s Me‘NH-N:CH*C < ,H 4 -0H, 
m. p. 130 — 131° (the hydrochloride, G (1 TI 21 0N 4 C1, forms violet needles, 
and the sutyhatey blue needles with a green reflex), with |>-mtrobenz- 
aldehyde to form a similar hydrazone , 

C 6 H 4 Me»N/C 6 H s Me^H*N:CH-0 c H 4 -N0 2 , 
m. p. 158°, with ^-methoxybenzaldehyde to form the reddish-yellow 
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hydrazone , C 22 H 22 ON 4 , m. p. 14*7°, and with benzaldehyde to form ^ 
oraDge-red hydrazone , C 21 H 20 N *> “• P- 160 ° 

4-Amino ??i^-azotolueDe yields reddish-brown, amorphous 
toluene-i-hydrazinesvlphonic acid , C 14 H lft O s N 4 S, the p -toluidine salt of 
which, m. p. 183°, forms yellow needles; the hydrazone, C 22 H 92 OX , 
m. p. 148°, from jo-methoxy benzaldehyde forms golden-yellow leaflets; 
the hydrazone , £ 21 II 20 ON 4 , m. p. 120 — 121°, from salicylaldehyde forms 
red prisms, and the hydrazone , Co 1 H] 9 0 2 N 6 , m. p, 176 — 177°, from 
' w-nitrobenzaldehyde is a reddish-brown, crystalline powder. 

Azotoluene- i-hy dr azinesulphonic acid , C 14 H 16 0 3 N 4 S, obtained 

'from 4-amino-0//-azotoluene, is a dark reddish-brown, amorphous 
powder; the p -toluidine salt, m. p. 171°, forms reddish-yellow 
needles. my'-Azotoluene-b-hydrazinesulpkonic acid, <WW> i s 
an indigo-blue, amorphous powder obtained from 6-amino-op'azo- 
toluene; the p-toluidine salt has m. p. 154°, and the aniline salt has 
m. p. 139°. Benzeneazo-p-toluene-i-hydrazinesulpkonic acid, 

C l3 H 14 0 3 N 4 S, 

is a dark red, amorphous powder, which forms a yellow, crystalline 
p -ioluidine salt, m. p. 170° (decoin p.), and a p -xylidine salt, m. p. 
175° (decomp.). Benzeneazo-p-xylidine , N. 2 Ph*C 6 H 2 Me 2 *NH 2 , m. p. 
104 — 105°, obtained by the slow addition of diazotised aniline hydro- 
chloride to an alcoholic solution of £>-xylidine and treatment of the 
resulting hydrochloride with ammonium hydroxide, separates from 
dilute alcohol in golden leaflets, and from petroleum and benzene as a 
deep orange, crystalline powder, and forms a nitrate crystallising in long, 
blue needles, a violet hydrogen sulphate , and a golden-yellow oxalate. 
It is converted by the usual processes into benzeneazo - 2 : 5-xylene -4- 
hydrazinesulphonic acid , C 14 H 16 0 3 N 4 S, a dark red, micro-crystalline 
powder, the reddish-yellow p -toluidine salt of which has m. p. 158°. 

Benzeneazo-a-naphtkylhydrazinesulphonic acid , 
N 2 Ph-C 10 H 6 *NH-NH-SO ? H, 

obtained from benzeneazo-a-naphthylamine, is an amorphous, violet 
powder, which is best purified by means of its potassium salt, 
C 16 H 13 O s N 4 SK, 

which crystallises in reddish-yellow needles. The acid is reduced by 
zinc dust and hot acetic acid, yielding aniline and 1 : 4-naphthylenc- 
diamine, and reacts with alcoholic hydrogen chloride and aldehydes in 
the manner mentioned, hydrazones being produced in the form of 
hydrochlorides; the hydrazone , N 2 Ph*C 10 H 6 *NH*NiCH , C 6 H 4 , OMe 1 

m> p, \58 160°, from ^-methoxy benzaldehyde forms orange needles 

(i hydrochloride , deep blue needles) ; the hydrazone from salicylaldehyde 
has m. p. 205° ( hydrochloride , bluish-violet needles) ; the hydrazone- 
from p-nitrobenzaldehyde has m. p. 172—173° (hydrochloride, dark 
green powder). 

In a similar manner, benzeneazo-/?-naphthylamine yields hmzm 
azo-fi-naphthylhydrazine$ulphonic acid , a coffee-coloured, amorphous 
powder, which is purified through the p -toluidine salt, m. p. 165 
(decomp.). 

2 ■ 4 ; 3' : 5'-Tetramcthylazobenzene-2-hydrazinesulphonic acid , 

O 0 H 3 Me 2 • N 2 • C 6 H 2 Me, • N H ’ £UI • S0 3 H , 
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obtained from aminoazO;»*-xyIene, is a red, amorphous powder, which 
forms a p -toluidinG salt, m. p, 170° (decoinp.), anil-ins salt, m.‘ p, 
153° (decomp.), and a p -xylidim salt, m. p. 176° (decomp.). 
a -]!taphtkylazo-a-mphthylhydrazinemlphonic acid, 

c, 0 h 7 -n 3 *c 1(> h g *n h-nh*so 3 h, 

obtained from aminoazQ'a-naphthalene, is a dark blue substance. 

S; 

The Adsorption of Proteins. Wiltiei.u Bjltz and Hans Sr\ t eh 
(Biochem. Zeitsch., 1909, 23, 27— 42).— The adsorption of egg-whitethy 
cellulose, iron hydroxide, and kaolin was estimated in varying con- 
centrations of the protein. The amount adsorbed was determined by 
estimating the nitrogen in the clear solution, after filtration of the 
adsorbent, by a modification of Kjeldahl’s method, the amount of 
ammonia being determined colorimetrically with the use of NesslePs 
reagent. The adsorption proeess is not entirely reversible, and. the 
results do not entirely agreo with the ordinary adsorption equation. 
The application of the adsorption formula to the combination of toxin 
and antitoxin was also investigated (l - Tjn = log k + 1/p log T y where T 
is the concentration of the free toxin, and 1 ~T that of the combined). 
The results of the neutralisation of tetanolysin and streptolysin by 
the antilysins, and of the streptolysin by cholesterol, of diphtherotoxin 
by its antitoxin, of saponin by ox-blood, of cobralysin by antivenin, 
and other similar reactions were investigated. The results obtained 
were compared with those calculated from the adsorption equation and 
Arrhenius’ mass reaction equation. Neither of these equations agreed 
in a satisfactory manner with the results obtained experimentally. 

S. B. S. 

Composition of the Products of the Alkaline Hydrolysis of 
Crystalline Egg-albumin. Nogendramohon Gupta (Monatsh,, 1909, 
30, 767 — 771). — The products resulting from the hydrolysis of egg- 
albumin by sodium hydroxide (compare Skraup and Hummelburger, 
Abstr., 1909, i, 340) have been submitted to careful analysis, with the 
following results : 

Carbon. Hydrogen. Nitrogen. Sulphur. - 


I’rotalbic acid ......... 55*4 7*2 14'3 2*4 

l.ysalbic „ 52*9 7*0 14*9 1*2 

Lysalbinpcptone 46*2 6 6 10*3 1*2 


W. H. G. 

The Preparation and Properties of Iodo-Mucoids. Gustave 
M. Meyer (J. Biol. Chem ., 1909, 7, 11 — 16).— lodo-mucoids were 
prepared by the action of iodine on tendo-mucoid in a dilute solution of 
sodium carbonate ; they contain approximately 14% of iodine. 

w. r>. h. 

The Relation of Proteins to Crystalloids. I. The Osmotic 
Pressure of Haemoglobin and the Laking of Red Blood- 
corpuscles. Herbert E. Roaf [Quart. J. exp. Physiol., 1910, 3, 
75 — 96).— A simple method is described for the direct measurement 
of the osmotic pressure of a solution when the solute does not pass 



1 . 210 ABSTRACTS OF . CHEMICAL PAPERS. 

through parchment paper qr other suitable membranes.^ Ia this way 
the osmotic pressure of laked corpuscles and crystallised haemoglobin 
was measured, and pressures corresponding with the molecular weight 
pf haemoglobin calculated from other data were obtained if conditions 
bbtain which limit ionisation ; but otherwise much higher pressures 
ajfe*- reached, and it is suggested that this is due to the ionising of 
haemoglobin salts ; both acid and alkali increase the pressure, and as 
with serum proteins, a minimal pressure is found near the neutral 
'point. Many substances lower the osmotic pressure, and thus might 
help to prevent laking of red corpuscles. Pressures were obtained 
^.with corpuscles laked by freezing and thawing up to 282 and 256, If 
ionisation occurred, the calculated pressure might be as high as 960 mm. 
of mercury. With such a range of pressure, the osmotic pressure of 
haemoglobin should be considered in discussing the laking of corpuscles, 
but until further experiment has determined the pressures in mixed 
solutions containing the various crystalloids of the corpuscle, it cannot 
be decided what part is played by haemoglobin and how much is due to 
other factors. W, D. H. 

Blood Colouring Matter. William Kuster (Ber., 1910, 43, 
370 — 375). — The compound, C 36 H 36 O s N 4 , obtained by Kuster and 
Fuchs (Abstr., 1907, i, 572) as a bye-product of the action of aniline 
on haemia is also formed in small quantity when acetylhajmin is con- 
verted into dehydrochlorideluemin. By the action of concentrated 
hydrochloric acid under pressure on hjematin, the organic material 
partly loses its acid properties and partly undergoes oxidation. Haemin 
and haematic are regarded as ferric compounds, and the ferric chloride 
r formed oxidises part of the iron-free haematic. The oxidation product 
does not undergo rearrangement to hjematoporphyrin. When hydrogen 
bromide is used, the oxidising action of the ferric bromide is neutralised, 
and hsematoporphyrin formation takes place. Ten % hydrochloric 
acid only eliminates 5% of- the iron from baemin at 130°, whereas 
under similar conditions over 90% of the iron is separated from 
haematin. 

Hsematin is slowly changed by solution in alkali, whereas, tbe fresh 
solution is completely precipitated by the theoretical quantity of barium 
chloride. After keeping, a large excess of this is required. Poly- 
merisation to a /3-hsematin takes place ori keeping. 

The conversion of haunatin by reducing agents into hsemochromogen 
is regarded as corresponding with a reduction from the ferric to the 
ferrous state. Haemoglobin contains ferrous iron ; oxyhemoglobin, 
however, contains iron peroxide. 

Hsemin forms salts with 3 mols. of alkali hydroxide; dehydro- 
* chloridehcemin, salts-with 2 mols, These can be dialysed in 1% solution 
without tbe dye passing through. Hsemin only takes up 2 mols. of 
sodium carbonate, and sodium hydrogen carbonate appears in the outer 
water on dialysis. Precipitates obtained with other metallic salts 
showed a very varying metal content. 

The iron salts dissolve in sodium hydroxide and are acids ; seemingly, 
the second iron atom is attached to the free nitrogen atom. 

E. F. A. 
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Behaviour of Gelatinous Substances or CoUains towards 
Carbon Disulphide. Wl. S. Sadjkof *(J. Russ. PJiys. Chem.Soc., 1909. 

41, 1597— 1686 ; Kolloid. Chem, Peihtfte, 1910, 1, 119— 220). When 

anjfalkali acta on glutin in presence of carbon disulphide, “thio- 
hydration ,J occurs, this consisting of two distinct processes, namely, 
hydration by the alkali and subsequent addition of carbon disulphide 
or “ thionylation ” (compare A bstr., 1907, i, 740). The most charac- 
teristic part of the thionvlglutin thus obtained is the complex to 
which the carbon disulphide is added, and which is termed the 
({ receptor.” This receptor is extremely indifferent, neither being 
destroyed by water, reacting with tannin, bromine, aldehydes, oi 
the majority of organic acids, nor being replaced by benzoyl chloride 
or methyl iodide. It takes up carbon disulphide in neutral, alkaline, 
or acid media, combines with strong mineral acids, and with acetic 
and oxalic acids, is substituted by trinitropbenol and “ immobilised,” 
or rendered incapable of taking up carbon disulphide, by solutions 
of sulphates, probably owing to the sulphuric acid formed by 
adsorptive decomposition of the salts. * 

In the case of tendo-collagen, the receptor is not homogeneous. 
The predominating part of it is readily reactive, being replaced by 
carbonic acid, and by organic and mineral acids, acetic anhydride, 
benzoyl chloride, bromine, methyl iodide, or aldehydes ; it is stable 
towards the action of heat or water, and is not replaced by picric 
acid. The lesser part of the receptor is highly inert, is replaceable 
only by mineral acids and tannin, and is stable towards the action ol 
water, but thermo-labile; this part is not altered by the action ol 
alkali hydroxide. The reactive portion of this receptor would seem 
to be a primary or secondary amine. T. H. P. 

The Scission Products Resulting from the Partial Hydrolysis 
of Proteins. Emil Abderualden ( Zeitsch . physiol. Chem ., 1909, 63, 
401 — 404). — From the partial hydrolysis of silk, glycyM-tyrosine was 
obtained previously. The present research gives details of the 
preparation and identification of another dipeptide from, the same 
source, namely, d-alany 1-glycine. W. T). H. ^ 

Trypsin and Antitrypsin. Kurt Meyer ( Biochem . Zeitsch. 
1909, 23, 68 — 92). — Samples of dried pancreatic juice and juice from 
the small intestine were used in the experiment, and dissolved to give 
the necessary concentrations as required. The tryptic action wai 
estimated by the Gross- Fuld caseinogen method. The influence of the 
quantity of kinase on the activation of the trypsinogen was firs' 
investigated. The results indicate that the kinase action is of ferment 
like character. The grade of activation is not proportional to th< 
amount of kinase, and very small quantities of the latter can activate 
large quantities of the trypsinogen, provided that sufficient time i 
allowed for the action. The rate of activation is approximate!; 
proportional to the amount of kinase. The greater activity o 
mixtures containing large amounts of kinase is apparently due to i 
shortening of the activating process, owing to which the concurren 
destruction of the trypsin and kinase becomes less marked. Ai 
excess of kinase does not inhibit the activation. The inhibitor; 
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substance of the serum is neither an antikinase nor an anti- 
trypsinogen, The former possibility is excluded by the fact that the 
anti-action is not overcome by^lhe addition of excess of kinase, ant] 
is also exerted on trypsin which has been obtained from trypsinogen 
by calcium salts. Antitiypsinogen and. antikinase are also excluded 
by the fact that the inhibitory action of the serum is not increased 
by allowing it to act on the kinase or trypsinogen alone -before 
mixture, and that the quantity necessary for inhibiting a mixture 
which is being gradually activated depends on the amount of trypsin 
actually present at the time of addition. 

No antitrypsinogen or antikinase could be obtained by immunisation 
experiments. The saturation of trypsin by the anti-substance 
follows the law of multiple proportions. In the fractional saturation 
of trypsin by the anti-substance, the Danysz phenomenon was 
observed, namely, the inhibitory action is weaker than if the whole 
quantity of anti-substance had been added at one time. 

Previous treatment of trypsin by antitrypsin did not increase the 
inhibitory effect. The formation of a non-digesting, but anti- 
substance binding trypinoid could not be effected. The effect of 
beating trypsin and the anti-substance was also investigated. The 
results indicate that antitrypsin is not a negative catalyst, but 
actually enters into combination with trypsin. No kind of specificity 
was noted in the case of antitrypsin. S. 


Influence of the Reaction of the Medium on the Filtration 
of Diastases. Maurice Holderer (Compt. rend., 1909, 149, 
1153— 1156).— Details of experiments on extracts of Aspergillus niyer 
are given, from which it appears that a porcelain filter is permeable to 
sucrase when the solution in which this is present is neutral to 
phenolphthalein ; when the solution is neutral to methyl -orange, 
however, the ferment no longer passes tho filter. In order, therefore, 
to render the extraction of sucrase more complete, it is desirable 
to have the solution alkaline whilst maceration is in process. 

W. 0. w. 


Influence of the Reaction of the Medium on the Filtration 
of Malt Enzymes. Maurice Holderer ( Compt • rend., 1910, 150, 
285 — 288. Compare preceding abstract). — the enzymes of malt, 
amylase, dextriuase, and peroxydiastase resemble the diastases already 
studied in their behaviour when the solutions are filtered through 
porcelain. Filtration occurs readily when the solutions are neutral 
to phenolphthalein, but the passage of the enzymes through the filter 
is inhibited if the medium is neutral to methyl-orange. W. 0. W. 


Cellaee and the Diastatic Decomposition of Cellose. 
Gabriel Bertrand and Maurice Holderer { Compt . rend ., 1909, 149, 
1385 — 1387). — An attempt to ascertain whether a specific ferment 
exists capable of hydrolysing cellose. Maltase and sucrase are 
without action on this substance, whilst a maceration of Aspergillus 
niger converts it completely into dextrose. Preparations of emulsin 
from almonds, and of eraulsin with trehalase from barley or malt, 
have the same action. W. O. 
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General and Physical Chemistry. 


Photometric Measurements with the Coloured Bunse 
Flame. Ernst Beckmann and Percy \V a extig ( Zeitsch . physika 
Chem.. 1909, 68, 385 — 439). — A new aiTangement for supplying sail 
to a fiame, which gives constant and readily reproducible result: 
is described and figured. A salt solution is allowed to drop on a dis 
kept in rapid rotation, and the fine-spray thus produced is carrie 
away by the stream of gas, drops of liquid beiDg retained. Tb 
different factors determining the properties of the flame, moi 
particularly the velocity of rotation of the disk, the rate of supply < 
the salt solution and of the gas, can be varied independently, and th 
effect of each is described in detail. The method of determining th 
amount of salt supplied to the flame depends on the property c 
the silent electric discharge in condensing dust particles; for th: 
purpose the gas charged with salt particles is passed through 
Siemens’ ozone tube, and the salt deposited after a considerable interv: 
removed and weighed. 

The effect of anions on the intensity of the flame was determined b 
measurements with a Kbnig-Martens-Griinbaum photometer. For tl 
alkali metals, the salts of oxygen acids give a rather more intern 
flame than the halogen salts, but hydrogen peroxide does n( 
appreciably increase the intensity. As regards the alkaline eart 
metals, the intensity for the halogen salts of calcium is greater than f< 
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the salts of oxygen, * acids, but barm plaits show the convey 
behaviour. - In the case of strontium ijfli littnum salts, change of the 
anion alters even the tint of the flame. 

Foreign salts, including both those which colour and do not colour 
the feme, diminish the intensity of the colour, and both anion a D( | 
cation seem to take part in this effect. The diminution increases with 
increasing proportion of the salt added, and the effect appears t 0 
he the greater the higher the equivalent weight of the cation. 

Accurate measurements have been made on the relationship between 
the concentration of the salt solution and the amount of salt conveyed 
into the flame. For the solution of a single salt, the ratio between the 
salt sprayed and tbo concentration of the salt solution is constant, but 
for mixtures of salts, especially in concentrated solution, the amount 
converted into spray is relatively smaller. According to Arrheni^ 
(Abstr., 1891, 5, 515) and Gouy {Ann. Chim. Phys. t 1879, [v], 18, 5), 
the intensity of the colour in the flame and the electrical conductivity 
are proportional to the square root of the concentration of the salt in 
the flame. The authors find, however, that these laws hold Only for 
certain salts under certain definite conditions. On the other hand, the 
effect of the anions on the intensity is parallel to that on the electrical 
conductivity, and there is doubtless a close connexion between 
luminosity and electrical conductivity. G. 8. 


Spectral Analytical Investigation of the Glow Light at 
Points. Hermann von Dechexd {Ann. Physik , 1909, [iv], 30, 
719 — 745). — The spectra of the glow which accompanies electric 
discharge between points have been investigated. The discharge vas 
allowed to take place between, platinum and aluminium electrodes in 
tubes containing different gases. 

In the case of oxygen, nitrogen, and chlorine, the point discharge 
spectrum is similar to that obtained by the use of Geissler tubes. liViih 
nitrogen, nitric oxide, and air, which all show the first banded spectrum 
of nitrogen, the light emission is not confined to the immediate neigh- 
bourhood of the points, but is spread out through the space between the 
electrodes. Hydrogen also exhibits a second luminous region, and this 
takes the form of a luminous stream of negatively charged ions, which 
are emitted from the cathode in a direction which is independent of the 
position of the anode. The spectrum of this luminous stream consists 
of indistinct lines which do not coincide with tho lines of any known 
spectrum. On the other hand, the spectrum of the glow at the point; 
consists of the first and second hydrogen spectra. 

Observations were also made with hydrogen chloride, methane 
carbon monoxide, and carbon dioxide. All these gases are decomposeJ 
by.the^point discharge. Hydrogen chloride shows the stronger chloriw 
'es, some of the hydrogen lines, and also a continuous spectrum 
•^hane exhibits hydrogen lines and the Swan spectrum. Carboi 
montje and carbon dioxide, which give the same Geissler tub 
spectruAiehave differently in the case of point discharge. The forme: 
shows all tuebief bands of the carbon monoxide spectrum, wliils 
the latter only g^*tbe band at 4123. H. M. D. 
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Band Spectra of Barium and Aluminium. P. E. Lecoq de 
Boisbaudean ( Gompt . ' rend 1909,^ 149, 899—903. Compare Trans., 
1909, 95, 279). — The author believes that the bands in the spectra of 
salts of barium and aluminium are due to the metals (compare Borsch, 
Abstr., 1909, ii, 775), and that they result from disturbances of 
the simpler vibrations which are predominant at high temperatures. 
Certain relations which hold between the frequencies of the right, that 
is, the most refrangible, edges of the bands of barium and aluminium 
are also developed. T. S. P. 

Systems of Series in the Spectra of Zinc, Cadmium, and 
Mercury. Friedrich Paschen (Arm. Phyaik, 1909, [iv], 30, 
746 — 754). — An examination of tho data of various observers shows 
that the spectra of zinc, cadmium, and mercury contain three series of 
lines which are analogous to those found in the spectrum of magnesium. 

H. AI. D. 

Influence of Dilution on the Colour and the Absorption 
Spectra of Various Permanganates. John E. Purvis (Ptoc. 
Camb- Phil. Soc 1909, 15, 247 — 256).- — The author has compared the 
photographs of the absorption spectra of aqueous solutions of barium, 
zinc, and potassium permanganate containing 0 001 gram-molecule per 
litre and 1 of solutions prepared from these by diluting 30 ’8 and 62 
times respectively. The freshly prepared solutions exhibit differences 
in the width of the bands and also in the amount of general absorption, 
it the more refrangible end of the spectrum. On keeping, the two 
series of diluted solutions exhibit changes iu colour which are 
accompanied by changes in the width of the bands and an increase in 
ihe general absorption. In the case qf the most dilute series, the 
orownish-vellow colour which is developed is attended by an almost 
complete obliteration of the absorption bands. Tho observed changes 
Jake place whether the solutions aro insolated or kept in tho dark, but 
;he rate of change is increased by light. The changes in colour are 
supposed to be due to a decomposition of the permanganate ions under 
ihe influence of the solvent. H. AI. D. 

Relations between Constitution and Absorption towards 
the Violet End of the Spectrum for Solutions of certain 
Chromium and Iron Salts. Alfred Byk and H. Jaffe (Zeitsch. 
ohysikal Ckem., 1909, 68, 323 — 356). — The observations were made 
rith an instrument provided with quartz lenses and prisms, and the 
spectra were photographed. The limits of absorption for the different 
solutions are given in tabular form, Most of the chromium salts were 
ised in dilutions from ^ to r l y molar, but the iron salts were used also 
n much greater dilution. *. 

f All the solutions of violet chromium salts show similar absorption 
Absorption band 461^ to 364'5 pp.; beginning of complete absorption 
ibout 260 /a/jl in | molar solution), which is therefore due to the 
jhromium ion. The band becomes narrower with increasing dilution, 
plight deviations with the nitrate are doubtless due to the absorption 
|f the NO s ' ion. 


1 — 2 
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In solutions of green, complex chromium, salts the absorption band 
and the limit of complete absorptiojiare" both 'shifted towards the red 
end of the spectrum. Each solution has, however, its own individual 
spectrpm, and the more completely the electrons are displaced by 
radicles the greater is the displacement towards the red end. For the 
influence of acids (added to the green solutions) on the spectra, which is 
somewhat complicated, the original paper must be consulted. 

Neutral concentrated solutions of ferric alum and of ferric nitrate 
are reddish-brown, the corresponding solutions of ferric chloride are 
yellowish-brown, and there are corresponding differences in the 
absorption spectra. Hydrochloric acid darkens the colour of ferric 
chloride solutions, probably owing to the formation of the complex 
FeCl 3 , which has greater absorbing power than the ion Fe“\ The 
addition of sulphuric acid lightens the colour of iron alum, a result 
probably connected with diminution of hydrolysis. In very dilute 
solutions, on the other hand, the addition of sulphuric acid increases 
the absorption, probably owing to the change of Fe*’’ ions to complex 
ions. Ferric chloride has greater absorption than the fluoride, 
corresponding with the greater weight of the chlorine atoms. 

With increasing dilution, ferrous salts show more distinctly the 
absorption characteristic of Fe*’ ions. 

For all the salts examined, non-ionised chlorides have greater 
absorbing power than the corresponding sulphates. G. 8. 

Relationship between the Colour and Constitution of 
Unsaturated Ketones and their Salts. Hans Stobbe, Riciiard 
Haertel, and Siegfried Seydel ( Annalen , 1909, 370, 93—99, 
99—129, 129— 141).— See this vol., i, 43, 45. 

Polychroism. of Artificially Coloured Crystals. Paul 
Gaubert (Cornpt. rend., 1909, 149, 1004 — 1006). — The author has 
previously shown that artificially coloured crystals may be polychoic, 
and that they may be divided into two classes. In the first class the 
colouring matter is in a state of solution in the crystals, whilst in the 
second class it exists in the form of crystals, the orientation of which 
may be different from that of the crystal occluding them. Lehmann 
has put forward the idea that there is a relation between the intensity 
of the polychroism and the double refraction of a coloured crystal, 
The author shows that this only holds for crystals belonging to the 
first class. In crystals of.phthalic acid, meconic acid, carbamido nitrate, 
carbamide oxalate, phloridzin, and chrysotile, coloured by methylene- 
blue, which belong.to the first class, the differences between the amounts 
of light absorption in the two optical axes increase with the amount of 
double refraction. 

Crystals, such as lead nitrate and barium nitrate, when coloured 
with methylene-blue belong to the second class. They show an 
intense polychroism, although they are only very feebly doubly 
refracting. 

The connexion between polychroism and double refraction, as 
indicated above, may be used to classify other coloured crystals. 

T. S. P. 
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Luminescence Phenomena in Certain Organic Com- 
pounds. Alfredo Pochettino (Atti R. Accad. Lined, 1909, M, 
18 , ii> 358 — 365).- — It is stated in tbe text-books that' no 
phosphorescent liquid is known, with the possible exception of liquid 
oxygen. But the author has shown previously [ibid., 1905, [v],il4, 
ii, 222) that the mineral oil usually employed in Geryk pumps (which 
in ordinary light exhibits a marked greenish-yellow fluorescence) 
gives under the influence of cathode rays a vivid dark blue 
luminescence, which disappears sensibly at the same time as the 
excitation ceases ; similar luminiscence is obtained with tho oil after 
solidification at the temperature of liquid air, but in this case it 
persists five to ten seconds after the cessation of the cathode rays. 
The influence of the state of aggregation on the luminescence is also 
shown by ordinary wax, which, when solid, exhibits a pale 
yellowish-sky-blue, and, when liquid, a dark blue, cathodic 
luminescence. 

The luminescence effects of anthracene, phenanthi’ene, fluorene, and 
retene were studied in four tubes : (1) a cathode ray tube, (2) an 
anode ray tube, (3) a horizontal tube with symmetrical plane electrodes, 
and (4) a tube in which the distance between substance and cathode 
can be varied, the change of state being effected by the thermal action 
of the cathode rays themselves. 

Also in tube (L) the following substances, all capable of exhibiting 
ordinary fluorescence in suitable solutions, were examined : alizarin, 
phthalic anhydride, anthranilic acid, rhodamine, a- and /3-naphthyl- 
amines, a- and jft-naphthols, phthalimide, euphosphine, arnino- 
naphtholdisulphonic acid, /3-naphthol-/3-sulphonic acid, vaselin, and 
naphthalene. 

The luminescence emitted by the monoclinic laminae of anthracene 
or phenanthrene, or by the trimetric prisms of phthalic anhydride or 
a-naphthylamine, shows no appreciable polarisation. The behaviour of 
the above substances in the vacuum tubes indicates that with most of 
them the state of aggregation exerts a marked influence on the colour 
of the cathodic luminescence, the colour changing at the moment 
of fusion and changing again to the original one on re-solidification. 
Then, too, certain of the substances are luminescent only when 
either liquid or solid. The changes of colour as the degree of 
evacuation is increased are also discussed. T. H. P. 

Phosphorescence of some Inorganic Salts. John Anderson 
Wilkinson (J. Physical Chem., 1909, 13, 691— 728).— Experiments are 
described which show the existence of a relationship between 
phosphorescence and chemical action. When aqueous solutions of 
chlorides, bromides, iodides, and sulphates are electrolysed with anodes 
of copper, mercury, silver, cadmium, zinc, potassium, and sodium, the 
salt formation at the anode is in many cases accompanied by the 
emission of light, the colour of which in most cases resembles that 
of the fluorescent and phosphorescent light emitted under the influence 
of cathode rays. 

Similar luminous effects are also obtained when the metals enter 
into direct combination with the halogens or oxygen at elevated 
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temperatures. In the case of ^sodium potfssi^m, the colour of the 

light emitted varies with the rate of combination. The colour of the 
phosphorescent light corresponds with that emitted when slow 

combination takes place. . 

Certain salts, said to be phosphorescent, were found not to be so 
when pure, but phosphorescence could be induced by the addition of 
small quantities of other salts. Sodium peroxide shows fluorescence 
and phosphorescence under the action of cathode rays if a good 
vacuum is maintained. The fluorescence of aluminium oxide 
under the same conditions is traced to the presence of sodium 
in the form of peroxide or the aluminate. H, M. 1). 

Electrical Behaviour of Fluorescing Iodine Vapour. R. 
Whiddingtoh (Proc. Camb . Phil. Soe., 1909, 15, 189).— A beam from 
an arc light was focussed on iodine vapour between two copper 
electrodes. Although fluorescence was plainly visible, no trace of 
ionisation could be detected even when the applied electric field was 
almost sufficient to produce discharge. The experiment shows that 
fluorescence is not necessarily accompanied by ionisation. 

li, JH. I). 


* Optical Activity of the Asymmetric Atom. A. K Aveker 
(Ohm fe, 1909, 100, 295).— Perkin, Pope, and Wallach ha* 
recently resolved 1 -methyl- A'-cycfohexylidene-4-acetic acid into twe 
enantiomorphous forms, and claim that in this case optical activity is 
due to enantiomorphous, molecular configuration and not to thi 
presence of an asymmetric atom (Trans., 1909, 05, L8J). The autho: 
contends that the carbon atom numbered 1 in the formula given n 
the ordinal paper (foe. cit, 1792) is asymmetric by reason of it 
position in relation to the H- and -C0 2 II groups marked c and 
respectively in the same formula. y>Methylcycfohexy]carboxy lie acid 
at first sight appears to contain two asymmetric carbon atoms, as here 
defined, but this apparent analogy disappears when it is remembered 
that the -H and C0 2 H- groups (and also the H and CB, group, 
occupying similar positions in relation to' the carbon atom marked 4) 
in the original formula ( loc . cit.) in this case are in a plane at right 
angles to the ring. 

Attempts at Asymmetric Synthesis by means of Circularly 
polarised Light. Maurice Padua (Atti R. Acrnd. Lincei , 1909, jyj, 

18 ii 390 392). — The action of bromine on a carbon clisulpiime. 

solution of angelic acid under the influence of circularly-polarised 
light yields only optically inactive products (compare Wishes™, 
Abstr.i 1893, i, 135, 455 ; Cotton, Abstr., 1909, u, 2(8). T. H. Y. 

Photochemical Action. II. Emil “ n , % “ 

physikal. Get., 1909, 654-660. Compare >M., 1907, TM).-!!* 

transformability of radiant energy is considered with reference to 
gas which is photocbemically sensitive, and in which the photochem 
change can also be brought about by a change of temperature. « 
and T„ denote respectively the temperature of the gas ani 
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cor responding with The incident radiation, 2\ the temperature corre- 
sponding with the shift of the equilibrium between the gas and its 
products of dissociation consequent on the absorption of the radiant 
energy, $3 the amount of energy absorbed, and q the heat of formation 
of the gas from its dissociation products, then it is shown that 
qjTz — d" ($2 If the whole of the absorbed energy is 

used up in the chemical transformation, then Q 2 -q and T S <1\. 
According to this relationship, the chemical decomposition of the 
photochemically sensitive gas reaches a limit when the change in the 
concentration of the products of dissociation has reached a point which 
corresponds with the temperature of the incident radiation. The 
application of the deduced relationship to the dissociation of carbon 
dioxide and the conversion of oxygen into ozone is considered. 

H. M. D. 

Apparatus for Measuring Radioactivity. Bela Szilakd 
{Compt rend., 1909, 149, 912 — 914). — The gold leaf of the electroscope 
is replaced by a steel needle, mounted horizontally. The needle is 
magnetised, and in the zero position it lies in the magnetic meridian. 
"When in this position it is encased by a metallic ribbon, with which it 
is connected electrically. The whole is mounted in a box fitted with 
a plate and ring of soft iron, in order to screen the needle from external 
influences. The deviation of the needle is a measure of the charge 
given to the system when, for example, a radioactive substance is 
introduced into the box. The whole apparatus is portable. 

T. g. P. 


The Scattering of the /3*Rays of Radium. John P. V. Madsen 
[Phil. Mag., 1909, [vi], 18, 909 — 915. Compare Crowfcher , 4 Abstr., 
1908, ii, 247). — These results confirm the experiments of Crowfcher 
with the /3-rays of uranium. The scattering of the /3-rays of radium 
by thin films of material has been found to be unsymmetrical about a 
plane at right angles to the direction of the radiation, more emerging 
in the original direction than are returned. Gold turns back a 
greater proportion of the scattered radiation than aluminium. The 
emergent scattered radiation attains a maximum with 0 013 cm. 
aluminium and 0‘0008 cm. gold. There is thus a close parallel 
between the scattering of /3- and y-rays (Madsen, Abstr., 1909, ii, 
365), which is in support of Bragg’s discrete or neutral-pair theory of 
the y-rays. The results of McClelland on secondary /3-rays (Abstr,, 

, 1908, ii, 651) are regarded as explicable without the need of supposing 
that there exists a true secondary radiation proceeding from the atoms 
affected by incident / 3 -rays. S. 


Passage of /3-Raya through Matter. Heinrich W. Schmidt 
(Phyaikal. Zeitsok, 1909, 10 , 929—948).— Experiments have been 
made to determine whether the absorption of /3-rays takes place exactly 
according to an exponential law. In order that this may be the case, 
it is necessary that the penetrating power of homogeneous /3-rays 
should bo constant and independent of the thickness of matter 
traversed. 
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■ Measurements were made on the /?-rays emitted by radium.# 
and by uranium-X These were allowed to fallen metal plates, and 
tbe penetrating power of the incidence and emergence radiation was 
compared. 

From the experimental results, the conclusion is drawn that /?-rayg 
experience a slight diminution in velocity in their passage through 
matter. The magnitude of this diminution increases as the atomic 
weight of the traversed substance decreases. It also increases with 
the extent to which the /?- rays are diverted from their origin 
direction of movement. In accordance with this, it is found that for 
thin layers of material, the amount of transmitted /^-radiation 
diminishes more quickly than corresponds with an exponential law. 
This is equivalent to a diminution in the penetrating power as 
the thickness of the absorbing material increases. 

In addition to various metals, the absorption of the ft rays in gases 
was also examined. In comparison with air, hydrogen is found to be 
very highly ionised by the /3-rays. This is in agreement with the 
general result that elements of low atomic weight have a relatively 
large absorption capacity. H. M. D. 

Law of Abaorption of the f3- Raya. Otto Hahn and Lise 
Meitner ( Physikal . Zeitsck ., 1909, 10, 948 — 950). — The conclusions 
drawn by Wilson { Proc . Roy. Soc., 1909, A, 82, 612) from an investiga- 
tion of the absorption of homogeneous /9-rays are opposed to the 
results obtained by the authors in similar measurements. A critical ■ 
examination of the experimental arrangement adopted by Wilson 
shows that the rays examined were not homogeneous, and that his 
conclusions are therefore untenable. H. M. D. 

Phenomena of A r -Ray Transmission. Charles G. Barkla 
(Proc. Camb . Phil. Soc., 1909, 15 , 257 — 268). — The relatiooships 
between the various phenomena which accompany the transmission of 
Rontgen rays are discussed. It is shown that there is an intimate 
connexion between the absorption of the primary radiation in a 
substance, the ionisation in the absorbing substance (when in the 
gaseous state), and the intensity of the secondary radiation from the 
absorbing substance. These are periodic functions of the penetrating 
power of the primary radiation, the three rising and falling together. 
The periodicity in intensity of the secondary radiation is not ooe 
of intensity alone, for each fresh period brings a characteristic 
radiation of different penetrating power. H. M. D. 

Alteration in the Colour of the Diamond under the Action 
of Various Physical Agents. Paul Sacebjiote (Compt. rend., 
1909, 149, 993 — 994. Compare Abstr., 1906, ii, 863 ; 1907, ii, 956). 
— Diamonds varying in colour fiom colourless to a greenish-yellow 
have been submitted successively to the action of Arrays, cathode 
rays, and-a temperature of 300 — 400°. The duration of the experiments 
varied from some minutes to a few days. 

Arrays have no sensible effect on the colour. Cathode rays gradu 
ally deepen the initial colour (colourless diamonds become coloured) 
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through a wine-red to a more or less deep brown, depending on the 
time of action. The colours so obtained seem to bo stable, since 
diamonds so coloured have been kept for a year or so. 

Exposure to a temperature of 300—400° rapidly converts the 
diamond to its original colour. T. S. P. 

Influence of Radium XRays and Cathode Raya on 
Various Precious Stones. Ani>he Meyere (Compt. rend., 1909, 
149, 994 — 995). — Diamonds and different varieties of corundum 
(sapphire, white sapphire, ruby) have been submitted to the action of 
Xrays, cathode rays, and of radium. In some cases the stones were 
placed outside the A-ray tuhe ; in other cases they were submitted to 
the action of Xrays and cathode rays by being placed inside the 
tube. For the electrodes of the tubes, different combinations of 
copper, nickel, aluminium, and platinum were used, and in all experi- 
ments the vacuum in the tube was maintained by the continuous 
working of a mercury pump. In some experiments the current was 
only passed at intervals of some seconds, in order to avoid heating 
the stones. 

In all cases the corundums and diamond become more or less brown 
in colour (compare preceding abstract). T. S. P. 

Influence of Radium Rays on the Coloration of Sanidin, 
Zircon, and Quartz. Crystalline Form of the Zircon in 
SanicLinite from the Laacher See. R. Brauns (Centr. Aim., 1909, 
23, 721 — 728). — Observations are recorded which show that certain 
naturally colourless forms of zircon are coloured when subjected to 
the action of radium. A similar effect is also fouud in the case of 
certain coloured varieties of zircon and quartz which have been 
decolorised by heating. On the other hand, colourless zircon from 
Pfitsch and colourless quartz are unacted on by radium. The colour 
effects are attributed to the presence in the minerals of foreign sub- 
stances which are acted on by radium rays. Crystallographic measure- 
ments of two forms of zircon occurring in the sanidinite of the 
Laacher See aro recorded. H. M. D. 

Accumulation of Helium in Geological Time, II. Robert 
J. Strutt ( Proc . Roy. Aoc., 1909, A, 83, 96 — 99. Compare Abstr., 
1908, ii, 922). — The amount of helium in ironstones from various 
localities has been determined. The results are given in terms of the 
“ helium ratio/' which expresses the amount of helium in c.c. per gram 
of total equivalent uranium oxide. It is found that one gram of 
thoria is equivalent to 0*203 gram of uranium oxide so far as the 
production of helium is concerned, and tbe expression “ total equiva- 
lent uranium oxide” represents therefore the quantity of uranium 
oxide plus 0*203 time the quantity of thoria in a mineral. The 
helium ratio thus defined is found to vary from 0*76 to 13*3. 

With regard to the rate of formation of helium from the uranium 
and thorium series of substances, direct measurements have given 
10 4xl0‘ s c.c, per gram of uranium oxide per annum. This is in 
good agreement with Rutherford's indirectly obtained value of 



ii, 10 


ABSTRACTS OF CHEMICAL PAPERS. 


9-13X10- 8 c.c. , No accurate value ha? yet been ,, obtained for 
thorium series, but the rate i? certainly smaller than in the case of 
uranium. H. M. D, 

The Relation between Uranium and Radium. IV. Fbedekick 
Soddy {Phil. Mag. y 1909, [vi], 18, 846 — 858. Compare Abstr., I908 t 
ii r 919).— The three uranium solutions purified by Mackenzie fo 
1905-1906 have all shown during the past year an increase in the 
quantity of radium present. The methods of measuring the radium 
have been improved in detail, and are now accurate to about 10~u 
gram. The rate of growth of radium in all three solutions has been 
proportional to the square of the time since purification. In the 
oldest solution, containing 250 grams of uranium, the radium in the 
last year has increased from 19*6 to "-SI'S (xl0 — 12 grams). The 
period of average life of the intermediate substance (ionium) is 
calculated to be 18,500 years, assuming there is only one. The 
existence of a new relatively short-lived intermediate product in the 
series is indicated, retarding still further the rate of growth of radium 
initially. Such a substance, if it exists, would reduce the period 
above referred to, which is therefore a maximum estimate. F. S. 

The Rays and Products of Uranium-X Frederick. Soddy 
{Phil, Mag,, 1909, [vi], 18, 858—865. Compare Abstr., 1909, ii, 459, 
400). — On the view that the direct parent of radium is the^direct 
product of uranium-X powerful preparations of the latter should 
develop a feeble ^radiation as the uranium-X disintegrates and its 
/3-radiation decays. From the maximum period of the parent of 
radium (compare preceding abstract) it is calculated that the 
uranium-X in equilibrium with 1 kilogram of uranium should give a 
product having the a-activity of 2 mg. of uranium. This it has been 
now shown not to do. Measurements of tbe a-activity of several 
preparations of uranium-X prepared from 50 kilos, of uranyl nitrate, 
in an intense magnetic field in hydrogen to minimise the powerful /3-radi- 
ation, have shown in all the presence of a constant feeble a-radiation 
from the start, due apparently to a substance genetically unconnected 
with uranium-X, but separated with it (possibly ionium). The 
earlier observations of a rapid growth of a -rays (Abstr., 1909, ii, 460) 
have not since been confirmed by more perfect methods and aro 
rejected. The conclusion arrived at is that the direct parent of 
radium cannot be the direct product of uranium-X an d it is doubtful 
whether it can be a product at all. The difficultly deviable /3-radi- 
ation of uranium-X appears to resemble ordinary /3-rays, but 
shows an anomalous behaviour in certain respects. F. S. 

Experimental Study of the Large Ions in the Air. S. G. 
Lusby {J. Roy. Soc. New South Wales, 1909, 43, 55 — 60). — Measure- 
ments have been made of the mobility of the slowly-moving ions 
which are present in the air, and also of the removal of these ions 
under the influence of drying agents and the rate at which they are 
reproduced. The apparatus is Bimilar to that described previously 
by Zeleny. The number of the large ions, as well as of the small 
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ions, is considerably reduced wher^the air is passed* over calcium 
chloride or phosphoric oxide before it enter 8 the testing apparatus. 
The reduction amounts to 50% when the air is dried as completely as 
possible by passing over a sufficiently long^olutnn of phosphoric oxide. 
If the large ions are completely removed by an electric field, it is found 
that an interval of about twenty -two minutes elapses before the 
number of ions in unit volume attains its original value. 

H. M. D. 

Mobility of the Large Ions in the Air. James A. Pollock 
(J. Roy - Soe. Now South Walts, 1900, 43, 61 — 68. Compare preceding 
abstract). — The mobility of the slowly-moving ions in the air is found 
to depend on the amount of moisture present. When the amount of 
moisture is altered to a considerable extent, an interval of several 
minutes elapses before the ions are in equilibrium with the new vapour- 
pressure conditions. H, M. D. 

Ionisation in Various Gases. E. Parr Metcalfe (Phil Mag., 
1909, [vi], 18 , 878 — 889). — In order to ascertain whether the ionisa- 
tion produced in different gases can be represented as the sum of the 
ionisations contributed by the atoms composing the molecules, experi- 
ments have been made on gases representing series of compounds 
containing the same two elements. The a-radiation from thin layers 
of uranium oxide was used as the ionising agent. The pressure of the 
different gases in the ionisation chamber was adjusted so that the 
stopping-power for the a-rays was approximately the samd in every 
case. 

For hydrogen, methane, ethane, propane, butane, and pentane, the 
relationship between the molecular ionisation and chemical composition 
is such that the addition of CH 2 to the molecule increases the molecular 
ionisation by an approximately constant amount, 0'92. Deducting 0 23 
as the contribution of the two atoms of hydrogen, the value for carbon 
is found to be 0‘69. This is very nearly the same as the value obtained 
for carbon from the series : methyl, ethyl, and butyl alcohols. On the 
other band, the series oxygen, carbon dioxide, carbon monoxide 
. yields for carbon the value 0*42. No simple additive relationship is 
evident in the series oxygen, nitric oxide, nitrous oxide. 

From the results the conclusion is drawn that the contribution of 
an atom to the molecular ionisation is not constant, although for series 
of related compounds an additive law appears to be closely followed 
in some cases. H. M. D. 

Chemical Reactions and the Ionisation of Gases. Maurice 
de Broglie and L. Brizard (Gompt. rend., 1909, 149, 923^-924). — 
Previous experiments of the authors have led them to the conclusion 
that the ionisation of a gas produced in a chemical reaction, or of a 
gas in which a reaction takes place, is not due to the chemical reaction 
itself, but to other causes (compare Abstr., 1909, ii, 637). Beboul 
(ibid., ii, 718) has found, however, that air containing the fumes of 
ammonium chloride, formed by the combination of ammonia and 
hydrogen chloride, is ionised to a considerable extent ; also that the 
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oxidation of a freshly-cut surface of sodium or of aluminium amal^a® 
or the formation of nitrous fumes, gives rise to conducting g^ Ses ’ 
The authors have repeated Reboul’s experiments, taking great care to 
eliminate disturbing causey which would give rise to conduction, ai^ 
find that under these conditions no gaseous ionisation takes place. 

T. 8 . p, 

Dielectric Constants of the Halogen Hydrides. Oscar C 
Schaefer and Herman Schlundt (/. Physical Chem ., 1909 f 13 
669 — 672). — The dielectric constants of the liquid halogen hydrides 
■were determined by Drude’s method at two different temperatures 
with the following results: Hydrogen chloride,, 4*60 and 8 85 at 
27*7° and — 90 ° 5 hydrogen bromide, 3*82 and 6 ‘2 9 at 2 4 '7° and -80°- 
hydrogen iodide, 2‘90 and 2*88 at 21*7° and -50°. Solid hydrogen 
iodide gave 3*95 at -70°, and solid hydrogen cyanide, 2’4 and 3-05 at 
- 25° and - 70° respectively. 

The low values of the dielectric constant are anomalous in view of 
the fact that the liquid halogen hydrides yield solutions of hi&h 
conducting power when certain organic acids and alcohols are dissolved 
in them. The conclusion seems inevitable that other factors besides the 
dielectric constant, must be considered in estimating the ionising power 
of solvents. 

On solidification, hydrogen iodide shows an increase in dielectric 
capacity, whereas hydrogen cyanide shows a large decrease, the value 
for the liquid being about 100. H. jVT. D. 

Relation between Composition and Conductivity in Solu- 
tions of Meta- and Ortho-phosphoric Acids. Edmund B. E. 
Prideaux {Trans. Faraday Soc.> 1909, 5, 37 — 44). — The question as 
to what happens when vitreous iueta-phospboric acid or phosphoric 
oxide is dissolved in water has been studied by different investigators, 
and a review of the evidence shows that probably pyro phosphoric acid 
is not formed as an intermediate product. A consideration of the 
results of Sabatier {Ann. Ckim. Phys 1899, [vi], 18, 409) led the 
author to the conclusion that the process is mainly one of hydration, 
and it was thought that a study of the electrical conductivity of 
the changing solution would throw light on the subject. 

The aqueous acid was prepared by adding pure phosphoric oxide 
to cold water, and contained 0*24 equivalent per litre. The amounts 
of meta- and ortho-phosphoric acids were determined from time 
to time by titration with alkali, using methyl-orange and phenyl- 
phthalein respectively as indicators ; the electrical conductivity of the 
changing solution decreased at first slowly, then more rapidly, and then 
more slowly again. The solution when first made contains about 75% 
of the total dissolved acid as meta-phosphoric acid, the remainder being 
the ortho-acid ; there is no evidence of the formation of pyrophosphoric 
acid. The metaphosphoric acid exists as both polymerised and simple 
molecules, the proportions of which may vary widely in different 
solutions of the same total concentration. The changes which take 
place in the solution are due to depolymerisation of the metaphosphoric 
acid, a process which is practically complete in twenty- four hours, and 
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hydration of the meta- to ortho-phosphoric acid. This last change 
takes place very slowly, not being complete in fourteen days at 25°. 

T. S. P. 

Effect of Temperature and Dilution on the Conductivity 
of Organic Acids in Aqueous Solution. George F. White and 
Harry C. Jones ( Amer . Chem. 1909, 42, 520— 541).— This 
investigation was undertaken in view of the fact that a systematic 
study of the conductivity and dissociation of organic acids with special 
reference to the effect of temperature and dilution has not hitherto 
been carried out. A brief review is given of previous work on 
conductivity and dissociation at various temperatures, and particularly 
that dealing with organic acids. 

Jones and West (Abstr., 1905, ii, 794) and Jones and Jacobson 
(Abstr., 1908, ii, 1011) have shown that for a large number of 
substances between 0° and 35° dissociation decreases with rise of 
temperature, and Noyes (Abstr., 1904, ii, 226) has found that the same 
is true at high temperatures. It has also been stated by Jones 
and Jacobson (lac. cit.) that the molecular conductivity of electrolytes 
in aqueous solution increases as a parabolic function of the tempera- 
ture, and this is explained on the hypothesis that all electrolytes in 
aqueous solution are more or less hydrated, 

A study has been made of the conductivity of aqueous solutions of 
acetic, propionic, rc-bulyric, plienylacetic, malonic, succinic, o-phthalic, 
benzoic, salicylic, gallic, cinnamic, o- and p-aininobenzoic, and 
sulpbanilic acids, the measurements being made at temperatures 
between 0° and 35 u , and at dilutions ranging from Nj'l to .Y/2048. 
The dissociation at 25° was calculated in each case by means of 
Ostwald's values for the conductivity at infinite dilution. The results 
are tabulated. 

The dissociation constants of the dibasic acids, namely, malonic, 
succinic, and o-phthalic acids, increase considerably from the dilution 
A/ 102 4 to that of Ay 2048, and it is therefore between these dilutions 
that the second hydrogen atom begins to dissociate. 

The increase with dilution of the constants of 0 - and ^-aminobenzoic 
acids is probably due to the breaking down of the inner salts on 
dilution. 

The temperature-coefficients of nearly all the acids decrease regularly 
with dilution and rise of temperature, and are generally small and of 
the same order of magnitude ; this is in accordance with the hydration 
theory. The viscosity of the medium is the chief factor which 
influences increase of conductivity of acids with rising temperature. 
Sulpbanilic and 0 - and y;-axniaobenzoic acids differ from the other acids 
in having very large percentage temperature-coefficients which 
decrease with dilution. Moreover, the conductivities of sulphanilic 
and o-aminobenzoic acids are not parabolic functions of the tempera- 
ture. The temperature-coefficients of these three acids, expressed in 
conductivity units, increase greatly with rise of temperature. These 
peculiarities are probably due to the fact that these three acids, having 
both basic and acidic groups, form internal salts which break down as 
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the temperature rises, and the free acids conduct more readily than th e 
gaits themselves. E. Q. 

Transport Number of Hydrochloric Acid. Ernst h. 
RieSenfeld and B. Rejnhold ( Zeitsch . physikal. Chem 1909, 68 
440 — 458). — The sources of error in the determination of transport 
numbers by Hitfcorfs method are discussed, and it is shown that f or 
the attainment of an equal degree of accuracy with solutions of 
different concentration, the diameter of the transport apparatus mu s t 
vary as the cube-root of the concentration. An improved form 
of transport apparatus is described, the special feature of which is that 
the anode and cathode compartments are bent several times; this 
arrangement has been found very efficient for diminishing alterations 
in the intermediate layers. The apparatus was of the same diameter 
tnroughout. 

With this apparatus the transport number, n, of the anion in 
solutions of hydrochloric acid of intermediate concentration has been 
determined at 18° with the following results; 0*977W, w = 0*155; 
0*452 W, n = 0*155 ; 0*104iV, n = 0*16i. G. S. 

Determination of Transport Numbers from E.M.F. Measure- 
ments in Solvents which are only Partially Miscible with 
Water.' Ernst H. Riksenfeld and B. Rein hold (Zeitsch. physikal 
Chem., 1909, 68, 459 — 470). — The E.M.F. of concentration ceils, made 
up with two noc-miseible solvents, is calculated for the general case when 
the concentration in the second solvent has any value whatever. In 
two cases: (1) when the concentration in the second solvent is small ; (2) 
when the two solvents are in partition equilibrium, the E.M.F. of the 
cell is represented by the simple expression E = RTn^ogCJC 2 [1], 
where n 2 is the transport number of the anion of the binary electrolyte 
in the second solvent, and C 5 and C% are the concentrations of 
the electrolyte in the first solvent in contact with the anode and 
cathode respectively. 

From measurements of the E.M.F. of cells of the second type, the 
transport numbers of the anions of potassium chloride and bromide in 
phenol as second solvent have been determined. Phenol was brought 
into partition equilibrium with XjlQ (Phenol 1) and A T /100 (Phenol II) 
aqueous solutions of the electrolyte by shaking in a separating funnel 
for some time, and a cell of the following type : electrode j A r /10 aqueous 
solution j Phenol I | Phenol II j Ej 100 aqueous solution | electrode, 
was then constructed and its E.M.F. measured. The electrodes were 
reversible with regard to the cation. 

Prom the results, the transport number of the anion3 in phenol was 
calculated by equation [1], and both salts gave the same value, 0*439. 
A direct determination by Hitt or fa method of the transport number 
of the anion in potassium chloride dissolved in phenol gave the 
value 0*475, which is probably less accurate than the above 
value. 

For all the alkali salts examined, the relative velocity of the anion 
with reference to that of the cation is less in phenol thau in water. 

G.S. 
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Relative Rates of Migration of Ions in Aqueous Solution. 

I. Robert B. Denison (Tram. Faraday Soc ., 1909, 5, 165 171). 

The transport , numbers of the chlorides, bromides, and iodides of 
sodium, potassium, ammonium, rubidium, csesium, magnesium, calcium, 
strontium, and barium have been determined by the method of direct 
observation of moving ionic boundaries, using the apparatus previously 
described by the author in conjunction with Steele (Abstr., 1906, 
ii, 68, 329). The concentrations of the solutions were 0*1 to 0-02 
normal. The ionic mobilities in cm. /sec. per volt./cm. are also 
calculated, together with the molecular conductivities. T. S. P. 

Thermo-electric Forces of Certain Metallic Oxides and 
Sulphides. J. Weiss and J. Koenigsberoer (Tkysikal. Zeitsek. , 1909, 
10, 956 — 957). — The thermo-electric forces obtained by combination 
of certain oxides and sulphides with metallic copper have been 
measured. The temperatures of the hot and cold junctions, 80° and 
20° respectively, were measured by small thermo-elements in direct 
contact with the junctions. Considerable care was taken to obtain 
perfectly homogeneous material for the experiments, for it is to the 
lack of homogeneity that the discrepant values obtained by previous 
observers are attributable. Values of the thermo-electric potential 
difference per 1° difference of temperature are recorded. II, M. D. 

Very Short Electromagnetic Waves. Anomalous Reflexion 
and Dispersion of Liquids. H* Merceyng [Compt. rend., 1909, 
149,981 — 983). — Maxwell’s relation, that the square of the refractive 
index is equal to the specific inductive capacity (dielectric constant), 
does not hold for many substances, especially for liquids. There 
should exist a region of transition between that where the index of 
refraction is defined optically and that where it is defined electrically 
for very long waves. Drude (Abstr., 1897, ii, 438, 537) used 
electrical waves of A = 75 cm., and Cole of A = 5 cm. The author uses 
waves of A = 4 5 cm., and determines the index of refraction (n) of a liquid 
by measuring the angle of incidence (i) of the rays and the ratio (U) 
between the intensities of the reflected and direct waves, making use 
of Fresnel’s equation : s / R ~ ( J n* - sin*i - cos t)/( J n 1 - sin*i + cos i) . 
The dielectric constant (/)) is then calculated from the refractive index, 
assuming that D = ?i 2 . The results are as follows, and at the same 


time the dielectric constant (Dot 

.A calculated from the optical refract- 

ivo index and that (D e i) calculated from the 
electrical waves are given for comparison : 

refractive index for long 

Liquid. 

D. 



Glycerol 

16-8 

2 1 

53 

Jlethyl alcohol 

29-4 

1*8 

32 — 33 

Amyl alcohol 

8-31 

1-9 

16 

Acetic acid 

3-5 

1-9 

97 

Auiliue 

4 '36 

*2 ’5 

7 '4 

Ethyl other 

3-26 

1-9 

4 25 

t a P 


Conditions Necessary for Maintaining Platinum in a State 
of Incandescence in the Interior of a Bunsen Burner." Jean 
Meunier (i Compt . rend „ 1909, 149, 924—926).— The author has 
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shown previously that the property which platinum possesses of 
remaining incandescent in a mixture of air and coal gas depends on 
the composition of the mixture (Abstr., 1909, ii, 311). . He nowshowg 
that if a platinum wire is first cleaned with hydrochloric acid and then 
heated, it loses the property of remaining incandescent ; if, however, 
it is passed between the fingers it regains that particular property 
because it takes up saline matter from them. This saline matter can 
be removed from the fingers by washing them in acidified distilled 
water, but not with soap and water. 

Below a certain limit, the duration of the incandescence depends on 
the weight of substance deposited on the wire. From experiments 
with ordinary water containing 1'070 grams of total solids per litre, 
the relation between the duration of incandescence and the weight of 
substance deposited on the wire was determined. It was found, for 
example, that if the incandescence persisted for three minutes, the 
weight of substance deposited on the wire was 6/10,000 mg. 

Thus platinum itself is not responsible for the incandescence, but 
rather the saline matter which is on its surface. T. P, 

Theoretical Cooling Curves of Binary Mixtures. Ktiesxe 
Rengade (Compt. rend., 1909, 149, 782— 785).— The cooling curve of 
a pure substance consists of three practically straight lines, namely, 
the liquid cooling curve, the constant temperature during solidification, 
and the solid cooling curve. In the case of a mixture, the middle 
curve, that is, the cooling curve between the liquidus and the solidus, 
can be approximately calculated as follows. Assuming that A and 11 
retain their specific heats unchanged in presence of each other, that 
the latent heat of solidification of A is unaffected by B in the mother 
liquor, and that the lowering of the freezing point of A is strictly 
proportional to the concentration of B , the author calculates that 
Xdt = (1 - s)[{ 1 - + C\jn 2 ]dy + sm(dy + Ids, where s moleculesof A 
are deposited in time t, during which the freezing point falls by y° and 
the concentration of B increases from C to G x \ m v m 2 represent the 
specific heats of liquids A, B, and of solid A. This expression, 
simplified by assuming that wi t , m 2 , and are all equal, yields on 
differentiating : (rojy — + L)(Ky + C) ! =CL. 

The curve to this equation is an hyperbola having as asymptotes the 
lines m l y-\t + L = 0 and Ky + C = 0, the latter being parallel to the 
axis of t. 

The cooling curve is a straight line to the point [0,0], where 
solidification begins with separation of A , and then follows the 
hyperbola. If G f = 0, that is, if B is absent, the hyperbola reduces to 
its asymptotes, namely, a right line parallel to the axis of t during 
solidification and a right line representing the cooling of the solid A. 
Cooling curves determined experimentally in the author’s automatic 
apparatus (Abstr., 1909, ii, 573) are in complete accord with the 
above analytical equations. 

Other cases, where wq, and ?^l 1 , are not equal, are also discussed. 

R. J. L, 
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Theoretical Form of the Cooling Curves of Binary Mixtures 
The Case of Solid Solutions. Expense Rengade ( Oompt . rend., 
1909, 149, 990 — 993). — Making use of the same assumptions as those 
employed in a previous paper (preceding abstract), the author deduces 
an equation, for that part of the cooling curve of a binary mixture 
lying between the point of initial separation of the solid and the point 
of complete soliditi cation, assuming that a solid solution is formed. 
The resulting curve is a hyperbola, one of the asymptotes being fixed 
and inclined to the time-axis, whereas the other asymptote is movable, 
but always parallel to the time-axis. A consideration of the curve 
shows that the point of complete solidification is always less marked 
than the point where the solid commences to separate. Other 
relations are also deduced which depend on the latent heats of fusion 
of the two components. T. S. R. 


Superheating of Crystals. Gustav Tammann (Zeitsch. physikal. 
Chem., 1909, 68, 257 — 269). — The paper contains a theoretical dis- 
cussion of the conditions under which a crystal can be superheated 
while it is melting. Such superheating is always possible when the 
flow of heat to the crystal is sufficiently great, and can be realised the 
more easily the smaller the maximum linear velocity of crystallisation. 
It is, however, only during melting that crystals can be heated above 
the melting point. 

These considerations have been tested by supplying heat to three 
substances of different crystallisation velocity, naphthalene, betoi 
(/3-naphthyl salicylate), and dextrose, and determining the rate of 
change of temperature with the time. For naphthalene there is a 
definite halt at the melting point, corresponding with the relatively 
great velocity of crystallisation, but Tor betoi and dextrose, the velocity 
of crystallisation of which is slow, there is a rise of temperature 
during melting, so that the crystals of the latter two substances 


can be superheated. 

The melting point of substances which do not melt sharply can in 
many cases be determined by a dilatometer method. The melting 
point of leevulose determined in this way is 91°, but the results are 
complicated by the fact that this substance undergoes some change 
when heated in the neighbourhood of its melting point. 

It might be supposed that the extremely slow rate of crystallisation 
of many fused sugars is connected with molecular complexity, but 
molecular weight determinations by the cryoseopic method lend no 
support to this suggestion. G. S. 


Melting 1 point Apparatus which can also be Used for the 
Determination of Solubilities with small Quantities of Sub- 
stance. H. Stoltzenberg (Ber., 1909, 42, 4322 — 4324). — Two new 
forms of apparatus are described, (a) for temperatures up to .350°, 
and (6) for low temperatures down to - 60°. The apparatus is similar 
in principle to Thiele's apparatus (Abstr., 1907, ii, 330), but the 
circulation is brought about, not only by heating or cooling a spiral 
side-tube, but also by bubbling carbon dioxide through it. hor 
VOL. XCV1II, ii. 2 
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solubility determinations, a sieve containing the solid is hung in tfc e 
tube which contains the thermometer ; owing to the rapid circulation 
of the liquid, a saturated solution is rapidly obtained. T. S. p 

Iodine as a Cryoscopic Solvent. F. Olivahi (AM if. Acca<] 
Lincei, 1909, [v], 18, ii, 384 — 389). — The molecular depression of the 
freezing point of iodine, determined by means of arsenious iodide 
lead iodide, stannic and mercuric iodides, has the mean value 213 (com' 
pare Timmermans, Abstr., 1906, ii, 429; Beckmann, Abstr., 1909 ii 
642); van’t Hoff’s equation gives the value 13*88 for the latent heat 
of fusion of iodine in place of the number, 11*7, employed by Timmer- 
mans. 

Determination of the molecular weights in freezing iodine of a 
number of hydrocarbons, halogen derivatives, ketones, anhydrides, and 
acids, which can be separated unchanged by removing the iodine bv 
means of thiosulphate, gives the following results : (1) in general, the 
molecular weights are greater than the theoretical numbers, and 
increase rapidly with the concentration ; (2) this increase becomes 
more and more rapid on passing from the hydrocarbons towards the 
acids; (3) the molecular weights at infinite dilution, determined by 
extrapolation, approach the normal values for the hydrocarbons and 
their halogen derivatives, but are still greater, by varying amounts, 
than the theoretical numbers for succeeding compounds in the passage 
towards the acids. 

These anomalous values are due to: (1) the fact that, owing to the 
high density of iodine (about 4), weight concentrations in proportion 
to the numbers 1, 2, 3, etc., correspond with volume concentrations in 
proportion to 4, 8, 12, etc., so that the concentrations rapidly attain 
values to which the fundamental cryoscopic laws are inapplicable ; (2t 
the varying degree of polymerisation of the dissolved substance, and 
(3) the formation of additive, hydrate-like compounds of iodine with 
the liquid in which it is dissolved (compare Beckmann, Abstr., 1895. 
ii, 382 ; 1907, ii, 340; Vaubel, Abstr., 1901, ii, 446 ; Hantzsch and 
Vagt, Abstr., 1902, ii, 8 ; Lachmann, Abstr., 1903, ii, 283 ; Strbmholm. 
Abstr., 1903, ii, 644 ; Hildebrand and Glascock, Abstr., 1909, ii, 22o». 

The molecular weight will be greater than the normal if the sub- 
stance K forms a complex IA in which n is greater than 1. If the 
complex dissociates according to the scheme: ^ I /rt R tt _. l +Fi, 

I-rnRji-i ^ TinRn -2 + R-» etc., inciease of the concentration of B 
will favour equilibria corresponding with higher molecular weights 
(compare also Beckmann, Abstr,, 1909, i, 652). 

The molecular weight of tetramethy (ammonium iodide in freezing 
iodine is found to be 257*4 — 273 (200*9) ; of potassium iodide. 
229*6 — 240*5 (166); of calcium iodide, 1043 — 1165 (293*8), and of 
strontium iodide, 900*6 — 1077 (341*34). Iodine solutions of sulphur 
containing 0*8951 — 2*36% of sulphur give molecular weights correspond- 
ing with 8 S , more dilute solutions giving lower values (compare Abstr., 
1909, ii, 37) ; these results are not in accord with the results of thermal 
analysis of mixtures of sulphur and iodine, which indicated partial 
isomorphism between the tw T o elements (compare Ephraim, xVbstr. 
1908, ii, 581). The molecule of selenium in iodine solution is oi 
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(he order of magnitude Se 2 (compare Abstr., 1909, ii, 805). Tellurium 
combines directly with fused iodine ; measurements made with a sample 
of 94% tellurium give the molecular weights 159—171*2 (Te = 127*6). 

T. H, P. 

Vapour Pressures at Low Temperature. Luigi Holla (Aiti 
It, Accad. Lincei , 1909, [v], 18, ii, 365 — 373).— For measuring vapour 
pressures at low temperatures, the author employs an apparatus 
devised by Nernst, which was graduated by a manometer containing 
paraffin oil of known density. That the apparatus gives trustworthy 
results is shown by measurements of the vapour pressure of ice at the 
temperatures - 43*5°, - 38 5°, and - 30°, the results obtained being in 
good agreement with those of Scheel and Heuse (Abstr., 1909, ii, 643), 
who employed a Rayleigh manometer. 

For naphthalene, the vapour pressure is found to be 0*00878 mm. 
of mercury at 0°, and 0 0381 mm. at 15*0° (compare Alien, Trans., 
1900, 77, 400). The values calculated by means of Nernst’s formula: 
} 0 g p=s - A<j7 T /4‘571 + 1*75 logT -eTji oll + C (in which p indi- 
cates the vapour pressure in atmospheres at the absolute temperature 
]\ and X 0 , € j an< ^ ^ are cons t&nts) are 0 0083 mm. at 0°and 0*0396 mm. 
at 15°. 

For iodobenzene, the values obtained are: 0*0189 mm. at -25*8°, 
0*0310 mm. at -19*8°, 0*0701 mm. at -11*5°, and 0*0887 mm. at 
- 8T°. From the first of these values, that of Young (Trans., 1889, 
55, 486) for 160° and the value at 67*46° obtained by interpolation, 
the author calculates the constants of Nernst’s formula (vide auprd), 
and from the latter the vapour pressures at temperatures varying 
from -25*8° to 200°, the calculated values being in good agreement 
with the author’s and Young’s results. 

Similar calculations for bromobenzene give numbers in good accord 
with the experimental values of Young ( loc . cit.) and the author, 
Nernst’s formula being thus verified. The author’s values are : 
0 0956 mm. at -26*1°, 0164 mm. at -20*0°, 0*186 mm. at -18*5°, 
and 0*191 mm. at -17*7°. T. K. P. 

Critical Phenomena of Solution. J. Timsiekmakb' (Bvll Soc. 
c him. Bekj„ 1909, 23, 433—454. Compare Abstr., 1909, ii, 981).— 
From a consideration of the critical solution phenomena exhibited by 
different pairs of liquids, it is shown that these can be divided into 
three groups. The characteristics of one of these groups have been 
examined in detail with reference to the form of the critical solution 
curves on the pressure-temperature diagram. For a particular iso- 
thermal, three critical points may be realised as the pressure is 
gradually raised. This is a consequence of the retrogressive character 
of the pressure-temperature curve. 

Recent Investigations in Thermochemistry. Theodore W. 
Richards (J. Amer. Chem. Soc ., 1909, 31, 1275— 1283).— An account 
of recent advances in the methods of thennochemical investigation. 

E. G. 

2-2 
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Alteration of Compressibility with the Softening of an 
Amorphous Substance. Alfred Dennys Cowper and Gustav 
Ta Mil ann (Zeiisch. physikal. Ghem 1909, 08, 281 288).— A special 
form of apparatus for determining compressibilities is described and 
figured. It consists of a cylindrical vessel, in which the substance t 0 
be examined is placed ; the vessel is connected on one side with a 
manometer and on the other with a steel cylinder, in which a well, 
fitting ebonite piston moves. The distance through which the piston 
has to be moved in order to alter tbe pressure from p l to p, i s 
measured, ' and from this and the constants of the apparatus the 
compressibility is calculated. 

In practice, it is only for such viscous liquids as castor oil that the 
filtration past the piston does not cause serious error at high pressure*, 
and measurements have therefore been made with castor oil aloue, and 
when part of the oil is displaced by crystalline and by amorphous 
dextrose respectively. The coefficients of compressibility of castor oil, 
at temperatures from 2D° to 100°, and at pressures of 250 — 2000 
kilog./cm. 2 , are given in tabular form, and the coefficients for crystal- 
line and amorphous dextrose are given between the same limits. 
Between 25° and 100° and from 250—1500 kilog. -pressure, the 
coefficient of compressibility of crystalline dextrose is independent of 
temperature and pressure, and is 76x10“' when referred to the 
volume at 25° and 1 kilog.-pressure. The compressibility of amorphous 
dextrose is about double that of the crystalline form; it _ increases 
somewhat with increasing temperature, and diminishes with increasing 
pressure. ^ ' 

Connexion of Surface-tension with the Internal Pressure 
and van der Waals' Constants a and b . Isidor Tkalbe (/eitsck 
physikal. Ckem.j 1909, 68, 289— 294).— In connexion with Walden’s 
series of papers on the same subject (compare Abstr., 1909, ii, 119, 
123, 547), the author maintains his priority in some points, and 
supplements his own and Walden’s work by further values of a and b 
and of internal pressures. The results show that the ratio of « lo i 
is approximately the same for all substances, and, further, that die 
sum of the square roots of the atomic weights is proportional to the 
sum of the atomic volumes. ^ T< 

Viscosity of Water. Richard Hosking {J. Hoy. Soc New South 
Wales, 1908, 42, 34—56 ; 43, 34— 38).— In earlier measurements 
(compare Abstr., 1900, ii, 336) of the viscosity of water by the etHux 
method, tho rate of How of liquid in the capillary tube was made so 
small that the kinetic energy correction was of relatively saw 11 
magnitude. Kew experiments have been made in which the rate 
of flow was increased, with the object of testing the formula by means 
of which correction was made for the kinetic energy. As the piet*iue 
determining the flow is increased, there appears to be an abrupt change 
in the numerical factor contained in the kinetic energy reduction tcim. 
or a change in the nature of the flow. Consistent values foi tie 
viscosity at 50° were, however, obtained, until the kinetic eneig' 
correction was as high as 60'^,. I he absolute values of the \ inu.it) 
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of water at 0°, 25°, and 50° are 0*01793, 0 00893, and 0 00550 
respectively. It is estimated that the probable error of these values 
is only 0 1%. 

The measurements of the viscosity wero extended up to 100°. 
Values representing the viscosities and the relative fluidities are 
tabulated for every 5° between 0° and 100°. For temperature internals 
of 25° the viscosity data can be accurately represented by formulae of 
the type rjt-Voli^ +k 1 t + k l t 2 ). A less exact representation over the 
whole range of temperature is afforded by the formula 

*»9'185/(46*694 + l)xV6232. 

n. M. D. 

Viscosity of Solids at Low Temperatures. Charles E. Guye 
and V. Freepericksz (Compt. rend., 1909, 149, 1066— 1069).— Guye 
and Mintz have investigated previously the effect of rise of tempera- 
ture on the viscosities of certain metals (Abstr., 1908, ii, 930), and this 
work has now been extended to the investigation of the effect of 
lowering of temperature. 

Silver, aluminium, iron, gold, magnesium, and quartz were each 
examined at 100°, 50°, 0°, — 80 °, and — 196°. The first three showed 
decreases in viscosity with lowering temperature, but probably the 
viscosity does not become zero at - 273°. Magnesium and gold show 
decreases in viscosity until - 80° is reached, but at - 1 96° exhibit a 
considerable increase. The modulus of elasticity augments with fall 
in temperature for the metals, but the reverse is the case with quartz. 

T. A. H. 

Mechanism of the Adsorption (“ Sorption”) of Hydrogen by 
Carbon. James W. McBaix {Phil. Mag., 1909, [vi], 18, 916—935 ; 
Zeitsch. physikal. Chetn., 1909, 68, 471 — 497). — Experiments have 
been made on the adsorption of hydrogen by cocoa-nut charcoal at the 
temperature of liquid air, which show that the process is of dual 
character, consisting in a surface condensation and the formation of a 
solid solution accompanied by diffusion into the interior of the carbon. 

By suitable manipulation a sample of carbon can be prepared which 
contains a considerable amount of hydrogen in a state of solid solution, 
but is almost destitute of hydrogen condensed on the surface. This 
condition is attained by suddenly exposing to low pressure carbon 
which has been previously saturated by long contact with hydrogen. 

The fact that the surface condensation is nearly instantaneous, 
whereas the diffusion process requires several hours, enables the two 
phenomena to be separately examined, .and various methods for the 
isolation of the two effects are described. 

The true solubility (as distinguished from the surface condensation) 
of hydrogen in cocoa-nut carbon at the temperature of liquid air 
varies with the square root of the pressure, indicating that the 
dissolved hydrogen is split up into simple atoms. The solubility 
amounts to 4 c.c. (corr.) of hydrogen per gram of carbon when the 
pressure is 19 mm. of mercury. The true solubility at the ordinary 
temperature is less than one hundredth as great. 

The term “sorption” is suggested to embrace all adsorption and 
occlusion phenomena, II, M. I), 
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Relations between the Critical . Constants and Certain 
Quantities connected with Capillarity. R. D. Kleemax 
Mag., 1909, [vi], 18, 901—908. Compare Abstr., 1909, ii, 645, 869 ), 
—A further relationship between the. pressure, density, and molecul ar 
weight of liquid substances is deduced. This is found to be satisfied 
by^ large number of organic compounds, bub not by water or ethyl 
alcohol, and the abnormal behaviour of these is attributed to molecular 
association. R. 

Kinetic Interpretation of Osmotic Pressure. M, M. Garter 
(J. Physical Chem., 1909, 13, 679-690).— A hypothesis is put 
forward to explain the general properties of solutions. . The addition 
of a foreign non-volatiie substance to a pure solvent is supposed to 
have the effect of narrowing the range of the velocities of the 
molecules of the solvent.. 

Although therefore the average molecular energy of translation will 
depend on the absolute temperature, there will be a smaller proportiou 
of molecules which have exceptionally high or low velocities in a 
solution as compared with the proportion in the pure solvent. On the 
basis of this hypothesis, the depressed vapour tension of solutions and 
the phenomena of isothermal distillation, osmosis, and diffusion can he 
easily interpreted. 

The osmotic transport of the solvent through a semi permeable 
membrane can be explained equally readily whether it be assumed that 
the interstices of the diaphragm are occupied only by tho vapour of 
the solvent or that the solvent actually penetrates and comes into 
contact with the solution on tho further side of the membrane. 

H. M. D 

Osmotic Pressure of Colloids. I. Function of Electrolytes 
in the Dialysis of Colloids. Wilhelm Biltz and A eyed yoi 
Vegesack ( Zeitsch . physikal. Chem ., 1909,68, 35/ 382). A special 
form of osmometer is described, in which the membrane consists of a 
collodion film deposited on a perforated frame of platinum. The upper 
part of the arrangement is a glass vessel, which is firmly fixed below 
to»the platinum frame, and is provided with a narrow side-tube, which 
acts as a manometer. Through the upper part of the glass vessel 
passes a stirrer, driven by an electro magnet. There are also aiiange- 
ments by which the electrical conductivity of the solutions outside au 
inside the cell can be measured. The whole arrangement was place 
in a thermostat at 25°. Measurements were made with benzopiirpimce, 
night-blue, ferric and zirconium hydroxides, and tungstic acu. is 
general result of the observations was that in no case were equilibrium 

pressures obtained. , 

A solution of benzopurpurine was dialysed twenty days to tree i 
far as possible, from electrolytes, and then placed in the osmometer 
After six hours, the osmotic pressure was 10 mm. of water; alter™ 
hours, 10*66 mm., and then it gradually diminished, until in tveii- 
days it had fallen practically to zero. It was observed that mm 
diately after the stirrer was started, the pressure always rose a mu* 
and this is ascribed to the mixing of tho solution in tbe uppei D ^ 
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part of the manometer with the lower part, which had gradually 
become poorer in electrolytes by diffusion through the membrane 
'When sodium sulphate is added in equivalent amount to both outer 
and inner liquid, the osmotic pressure is very slight, further, when 
undialysed benzopurpurine is used in the osmometer, and a little sodium 
sulphate is added to the outer water, in course of time the conductivity 
becomes equal outside and inside, and thore is practically no osmotio 
pressure. The other colloids gave similar results. 

The gradual fall in the osmotic pressure is due mainly to dialysis of 
the electrolyte, but partly also to a gradual increase in the size of the 
colloidal particles. This explanation has been confirmed by experiments 
■with dilute solutions of sodium sulphate and of night-blue respectively. 
In the latter case, in the absence of stirring, a false equilibrium was 
obtained, the tendency to rise being balanced by the dialysis of the 
electrolyte. 

Better results should be obtained by using the filtrate from the 
colloidal solution as outer liquid (Duclaux), but it is not certain that 
the former represents the unaltered intermicellar liquid. G. S. 

Influence of Substances in Solution on the Velocity of 
Crystallisation and the Crystal-habit of Potassium Sulphate. 
W. Wenk (Zeilsch. Kryst. Min., 1909, 47, 124 — 162).*— Inorganic 
salts (various salts of potassium and sodium), added to a solution of 
potassium sulphate, exert a marked influence on the velocity of crys- 
tallisation of the latter salt, the growth boiug increased in some cases 
and retarded in others. Since the viscosity of the solution is not 
affected by these additions, it follows that the velocity of crystallisa- 
tion is not dependent on diffusion ; and it appears to be rather con- 
nected with adsorption and surface-tension. Organic colouring matters 
in the solutiou have a still more marked influence on the velocity of 
crystallisation, and they further produce an alteration in the habit of 
the crystals, and the colouring matter is adsorbed. L, J. S. 

Isomerism and Polymorphism. Andreas Fock (Ber. } 1909, 
43, 4527 — 4531). — The different crystal forms of polymorphic modi- 
fications are attributed to external and internal influences. The 
former include pressure, tern peratu remand volume, and it is well knewn 
that the range of existence of the various polymorphic forms is sharply 
bounded by these factors. The internal influences are afforded by the 
configuration of the molecule, including the arrangement, position, and 
motion of the atoms. Alteration in pressure or temperature brings 
about an alteration in configuration. In solids these parallel changes 
are not continuous, but take place in jerks ; in liquids and solutions 
probably both changes are continuous. In the case of an amorphous 
solidification, all the various configurations of the molecule present 
remain intact. In the various cinnamic acids, it is suggested that 
a slight difference in the chemical molecule is, to some extent, 
associated with the isomerism. E. F. A, 

Preparation of Colloidal Solutions by the Disintegration of 
Metals by Ultra-violet Light. The Svedbehg (Aer., 1909, 42, 
4375 — 4377). — The metal, from which the colloidal solution is to be 
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formed and the surface of which has been freed from oxide, is pU^ 
in a flat dish, covered with the dispersion medium, and submitted to 
the action of the ultra-violet light from a Heraeus quartz mercury 
lamp placed a few centimetres above the liquid. After a few minutes 
the latter, when examined in the ultramicroscope, shows the character- 
istic properties of a colloidal solution. 

.Silver, copper, tin, and lead readily give colloidal solutions i n 
this way, whereas platinum, aluminium, and cadmium do not. Witt 
water as the dispersion medium, lead gives a milky liquid, probably 
containing colloidal lead hydroxide, in five minutes ; with alcohol in 
the place of water, a colloidal metal solution is obtained in the same 
time. Experiments with lead and silver in water, ethyl alcohol, 
isobutyl alcohol, ethyl ether, acetone, ethyl acetate, and amyl acetate 
showed that the number and size of the colloidal particles may vary 
very much, and that the disintegration depends on the nature of the 
dispersion medium. It was possible to produce sols which contained 
very small particles of very uniform size, these particles being in brisk 
Brownian movement. ^ ^ 

Phase Rule. Joseph A. Muller ( Compt . rend., 1909, 149. 

1079 1080). — A reply to Boulouch (Abstr., 1909, ii, b02) maintaining 

the validity of the author’s method of deducing the relationship 
between the number of substances and phases of a system in 
equilibrium (Abstr., 190S, ii. 466). I. A. H. 

Photo- and Electro-chemical Equilibria. Andreas Sams 
(. Proc . K. Akad. Wetensck. Amsterdam, 1909, 12, 356— 559).— From a 
consideration of the equilibria in systems which are capable of absorb- 
ing light energy and electrical energy, the author is led to the view 
that equilibria will be established at the ordinary temperature which 
correspond with higher temperatures in the absence of these other 
forms of energy. In this connexion, reference is made to the special 
cases of the dissociation of hydrogen sulphide, hydrogen selemde, 
hydrogen iodide, the hydrides of phosphorus, arsenic, and antimony, 
and also of carbon dioxide. ^ ^ 

Temperature-coefficient of Chemical Reaction Velocities. 
IV. The Velocity Isochore of Gas Reactions, its Con- 
nexion with that of the Reactions of Free Atoms with 
Applications. Max Trautz ( Zeilsch . physical. Chem ,, UOJ, o& 
295—315. Compare Abstr., 1909, ii, 651).- -A theoretical paper, i 
general equation, independent of the validity of the gas laws for 1 1< 
vapours of the reacting substances, is deduced for the velocity ot ga: 
reactions. Contrary to the former .method of deduction, the b«v 
developed in the reaction is partitioned out according to the intei 
mediate reactions to he assumed on chemical grounds, and 1 
^ermodynamic law is employed. The equation is applied to 
ex Pu*imental data for the influence of temperature on the decou 
posit^n an d formation of hydrogen iodide, and on the decompositio 
of nitru oxide and of hydrogen phosphide, and is shown to he i 
satisfactory accordance with the results. k. ^ . 
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Rate of Evolution of Gases from Homogeneous Liquids. 
Victor H. Veley (in part, with John C. Cain) (Trans. Faraday 
Soc., 1909, 5, 1—9. Compare Trans., 1883, 43, 370; 1903, 83, 736; 
Abstr., 1903, ii, 641, etc.). — Utilising the results previously 
obtained by himself and other workers, the author has studied the 
conditions of the evolution of gases from liquids in which chemical 
changes are taking place, with especial reference to the degree of 
super saturation, which, according to the author, appears to have been 
greatly over-estimated. The reactions considered are : (1) carbon 
monoxide from formic and sulphuric acids, (2) nitrogen from 
ammonium nitrite, (3) oxygen from hydrogen peroxide solutions, and 
(4) nitrogen from the decomposition of diazonium salts by water. 

The amounts of gases retained in supersaturated solution are 
calculated by comparing the volumes which were actually evolved and 
those which would have been obtained if there had been no retention 
(compare Abstr,, 1903, ii, 641), From the known solubilities of the 
several gases in water, the degree of supersatu ration can then be 
determined. The values obtained vary between 8 and 12, according 
to the nature of the gas and the conditions of experiment. 

In a few cases of the decomposition of diazonium salts, the lag 
factors due to certain opposing side reactions arc discussed, and their 
effects separated from the concomitant initial delay due to gas 
retention. T. S. P. 

Hydrolysis and Reaction Velocity in Mixtures of Alcohol 
and Water. IIans Euler and BETn ap Ugglas ( Zeitsch. physikal. 
Cheni. f 1909, 63, 498 — 510). — The degree of ionisation and of hydro- 
lysis of certain? compounds in 80 per cent, alcohol has been determined 
by conductivity measurements. The dissociation constants k x 10 5 
for salicylic acid are as follows : LSI at 0°, 1*86 at 18°, 1*88 at 30°, 
the values being about 1/50 of those ia aqueous solution. As regards 
the hydrolysis of aniline salicylate, the non-hydrolysed fraction in A 10 
solution is 0’73 at 0°, 0*57 at 18°, and 0*5 i at 30°. From this the 
dissociation constant of aniline at 18° is estimated at £ = 4x 10~ 12 , 
assuming that the ion-product for the solvent is 0*6 x 10“ 1<5 . In A 100 
solution the sodium salt of benzaldehyde is practically completely 
hydrolysed, the corresponding salt of p-nitrobenzaldehydo to the 
extent of 76%, and the corresponding salt of dextroso to 47%. The 
latter is thus less hydrolysed in 80 per cent, alcohol than in pure 
water. 

An attempt was made to follow the rate of neutralisation of aniline 
by salicylic acid at -50° by the conductivity method, but the reaction 
is complete within ten seconds. 

Electrical conductivity measurements indicate that phenolphthalein 
is a dibasic acid, and this conclusion is supported by colorimotric 
measurements. The red colour of concentrated alcoholic solutions of 
phenolphthalein salts is intensified by raising and diminished by 
lowering the temperature. G- S. 

Hydrolysis of Salts of Amphoteric Electrolytes. Heather 
Henderson Beveridge ( Froc . Roy. Soc. Edin 1909, 29, 648 — 667). — 
The results obtained for the degree of hydrolysis of amphoteric 
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electrolytes by the methods depending on the measurement of the rate 
of catalysis of methyl acetate and that of the electrical conductivity 
are not in agreement. With the object of throwing light on this 
discrepancy, the hydrolysis of o-aminobenzoic acid in acid solution has 
been determined by these and other methods. It is found that those 
methods of determining the hydrolysis which depend directly on the 
concentration of the hydrogen ion agree fairly well with each other 
Such methods examined were the catalysis of methyl acetate by the 
hydrochloride, and of ethyl diazoacetate by the nitrate, and the differ euee 
of potential method. Other methods involving the solubility of the 
amphoteric base in acid solutions of different concentrations and the 
partition of the base between two immiscible solvents lead to the same 
value. On the other hand, the more indirect methods depending o a 
electrical conductivity and freezing-point measurements lead to 
different values for the degree of hydrolysis. The conclusion is drawn 
that these two methods cannot be used to determine the extent of 
hydrolytic decomposition in the case of salts of amphoteric electrolytes, 
The interpretation of the freezing-point and conductivity data leads to 
the view that there are fewer molecules in the solution of a salt of an 
amphoteric electrolyte than there would be in the case of a non- 
amphoteric substance. H. M. 1), 

Atomic Weights as Mathematical Functions. F. H. Lorixg 
{Chem, News, 1909, 100, 281 — 286). — In continuation of previous 
work (compare Abstr., 1909, ii, 392) the elements are arranged in 
the order of their atomic weights according to a method already 
described, and the meaning of the gaps in the arrangement is further 
discussed. Nitrogen does not fit into the system, and it is suggested 
that it is made up of helium and two other unknown inactive 
elements, the so-called {< satellite/’ St, atomic weight 0*27, and an 
element, Nt, atomic weight 9 75. The “satellite” may occur along 
with other elements, for example, iodine + 2 satellites = tellurium. 

A further arrangement of the elements is given, the vertical 
columns in the table mentioned above, or the elements singly, are 
displaced downwards as required iu order to bring chemically allied 
elements into horizontal alignment. If then tho squares are coloured 
blue, red, or purple, according as the elements are basic, acidic, or 
neutral in character, the basic elements occupy a triangular areu, 
the acidic ones next to them a similar area, and the elements of 
neutral tendency form a rectangle. Finally, where the acidic 
elements repeat, an approximate square is formed. A coloured table 
to illustrate this arrangement accompanies the paper. G. S. 

Calculation of Atomic Weights. Solution of the Equation 
of Condition. Gustav D. Himuchs (Compt. rend., 1909, 149, 
1074 — 1076). — A graphic method of solution is described, which iu 
eludes and generalises those already given (Abstr., 1907, ii, 945 ; 190 ( J 
ii, 653). The graph used in illustration of the method is that tor 42 
determinations of the ratio AgCl : Ag, commencing with Berzelius 
first determination and ending with those of Richards (compare 
Abstr., 1907, ii, 679). T. A. H. 
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Molecular Rearrangements. William A. Noyes (/. Amer. 
Chew* Boc., 1909, 31, 1368 — 1374). — A discussion of recent concep- 
tions with regard to molecular rearrangements, and particularly with 
reference to the nature of the fprces or attractions which hold atoms 
together in molecules, and which also cause atoms of different 
molecules to react with each other. E. (J. 
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Anodic Formation of Hydrogen Peroxide. Fraxz Richarz 
(Ber,, 1909, 42, 4674 — 4675. Compare Riesenfeld and ileinhold, 
Abstr., 1909, ii, 879). — The secondary formation of hydrogen peroxide 
at the anode has been observed by the author (Abstr., 1885, 624; 
1888, 12, 769). C. II. D. 

Dissociation of Hydrogen Bromide and Hydrogen Iodide 
at High Temperatures. Kurt Vogel yon Falckejs stein ( Zeitsch . 
physikal. Chem., 1909, 68, 270 — 280).— The measurements were made 
by determining the partial pressure of the hydrogen by Lowenstein’s 
method (compare Abstr., 1906, ii, 272). The dissociation of hydrogen 
bromide is 0*50% at 1024°, 0 *7 3% at 1108°, and 1*08% at 1222°; that 
of hydrogen iodide is 32*9% at 1022° and 37*55% at 1217°. The 
results, and also the fact that at the high temperatures used the 
halogen molecules are partly dissociated according to the equations 
Br„^2Br* and I 9 ^21, will be discussed in a later communication 

G. S. 

Electric Conductivity and Density of Solutions of 
Hydrogen Fluoride. Ernest G. Hill and Ax nod a P. Sirkar 
{Froc. Boy. Soc., 1909, A, 83, 130—148).— Measurements have been 
made of the electrical conductivity and density of mixtures of water and 
hydrogen fluoride ranging from the one pure substance to the other. 
A satisfactory conductivity cell was constructed from paraflin wax of 
low melting point (40*4°). The density measurements were made by 
weighing a lead cylinder coated with paraffin wax in the various 
liquids. 

Curves are plotted which show the variation of the specific con- 
ductivity and of the density with the percentage composition of the 
solutions. These are of approximately the same type, and exhibit a 
well-defined maximum for a solution containing 75%, of hydrogen 
fluoride. The curve, which is obtained when the molecular con- 
ductivity of the hydrogen fluoride is plotted as a function of the 
concentration, shows two distinct breaks, one at about 91%, the other 
between 51% and 55% of hydrogen fluoride. The former corresponds 
with the composition SHFjHoO, the latter with HF,H 2 0, and the 
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authors draw the conclusion that definite hydrates of this composition 
are present in the solutions. 

From values obtained for the conductivity at 0° and 18°, the tem- 
perature-coefficient has been calculated. This is constant, and equal 
to 0*0125 for solutions containing less than 7*7% of hydrogen fluoride, 
By applying this temperature correction, molecular conductivity data, 
for 25° are obtained. On comparison with Ost wald’s numbers f« r 
dilute solutions, a" satisfactory agreement is obtained at the dilution 
v - 4, but for more dilute solutions the authors’ numbers are much 
smaller than Ostwald’s, the difference increasing with the dilution. 

II. M. ]). 


Production of Ozone by Ultra-violet Light. Edmond tan 
A\JBEh(Compt. rend., 1909, 149, 983— 985).— BordierandNogier(Coj)i,,!. 
rend., 1908, 147, 354) could not find that ozone was produced from the 
oxygen of the air. by the action of ultra-violet light, although previous 
observers (compare Abstr., 1906, ii, 224 ; 1909, ii, 657) had observed its 
formation. Using a quartz mercury lamp as the source of ultra- 
violet light, the author definitely proves that ozone is produced. 
Instead of using water to absorb the ozone, olive oil and light petroleum 
were employed in the first experiments, being placed in porcelain 
dishes inside the large glass globe surrounding the quartz tube. After 
several hours’ exposure, starch iodide showed the presence of ozone in 
these liquids. When distilled water was submitted to the action of 
the ultra-violet light for fourteen hours, the presence of ozone was 
detected by its action on a photographic plate. Starch iodide paper 
was turned blue in two minutes, except where it was covered with a 
piece of quartz, and thus prevented from coming into direct contact 
with the ozonised air. 1. S. F. 


Boiling Point of Sulphur Corrected by Reference to New 
Observations on the Absolute Expansion of Mercury. Hugh 
L. Cat.t.endar. and Herbert Moss ( Rroc. Roy. hoc., 1909, A, 83, 

pj (5 log). As a result of new measurements of the expansion of 

mercury between 0° and 300°, it has been found necessary to add a 
correction factor to the result obtained for the boiling point of sulphur 
bv Eumorfopoulos (Abstr., 1908, ii, 1029). This raises the tempera- 
ture from 443*58° to 444*55=, which is in practically perfect agreement 
with the value previously assumed (444*53°). H. M. D. 

The Dynamic Allotropy of Selenium. Hugo R. Kruyt (Zcitsch, 
anorg. Cheat 1909, 64, 305— 326). — The study of the electrical con- 
ductivity is uncertain as a means of investigating the dynamic 
allotropy of selenium, conductivity not being an additive property 
The author has, therefore, used the specific gravity, the ^ reciprocal o 
which is a strictly additive property of solid solutions. The material 
was purified as described by Marc in his study of selenium (Abstr., 
1904, ii, 105 ; 1906, ii, 226, 280, 742 ; 1907, ii, 453). 

Grey, crystalline selenium, which has not been heated above i-u , 
has 1) 4-5 — 4*6, whilst sublimed selenium has D 4*80. The difference is 
not due to the presence of amorphous selenium. After fusion, passage 
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of the amorphous into the crystalline form, and heating to 125°, the 
preparation has D 4*77. The denser form passes into a modification 
with B 4*77 when heated to 125°. There is thus an equilibrium, 
Se, 4 ^ Se* high temperatures favouring the denser form. Exposure 
to the light of an arc lamp, or even to bright diffused light, the 
selenium being enclosed in a dilatometer with alcohol, produces an 
increase of volume j the quantity of Se , is, therefore, increased by 
illumination. The changes in the electrical conductivity are explained 
on the assumption that Se^ and Se 5 form solid solutions, and also form 
a compound giving a diagram of the same form as is obtained from 
mixtures of bromine and iodine (Terwogt, Abstr., 1906, ii, 15) and 
alloys of magnesium and cadmium (Grube, Abstr., 1906, ii, 355). The 
conductivity has then two minima, with a sharp cusp on the curve 
corresponding with the compound. The anomalous behaviour of 
specimens cooled from 200 3 is explained as being due to the combined 
action of light and heat in altering the equilibrium, and also in changing 
the velocity with which equilibrium is attained. 

The conclusion is drawn that all phases of selenium contain Se A and 
Se c , whilst red, crystalline selenium is labile, and may perhaps also 
occur in two modifications. C. H. I). 

Coefficients of Absorption of Nitrogen and Oxygen in 
Distilled Water and Sea-Water, and of Atmospheric Carbon 
Dioxide in Sea- Water. Charles J. J. Fox {Trans. Faraday tioc., 
1909, 5, 68 — 86). — The apparatus used for determining the coefficients 
of absorption of nitrogen and oxygen was a modified form of 
Estrelcher’s adaptation (Abstr., 1900, ii, 205) of Ostwald’s apparatus. 
The pressure used could be varied at will, whereas Estreichcr’s had to 
make the measurements at exactly atmospheric pressure. Special 
precautions were taken to free the water from dissolved air, and it is 
suggested that the method used by Estreiehcr was not satisfactory, so 
that his values for the absorption coefficients for argon and helium may 
be respectively Q'2 to 5% and 0 5 to 10% too low. 

Two series of measurements of the solubility of atmospheric nitrogen 
in distilled water between 0 J and 50° were made. A correction had to 
be applied, due bo the different solubilities of nitrogen and argon and 
the variation of the partial pressures with temperature. The relation 
between the absorption coefficient (a v ) and the temperature is given 
by the formula 1000a v - = 22*99S - G*5298f + 0*00919621* - 0-00006779J 3 . 
In the case of oxygen the formula obtained was 1000a = 49 239- 
1 34402 + 0‘2S752i 2 -0*0003024t :: . These formulae give the following 
values for gas absorbed in c.c. per litre. 

fT 10* 20 J 3(r 40 J 50" 

Nitrogen... 23*00 18*54 15*51 13-55 12M5 1102 

Oxygen ... 40*24 28*37 31*14 20 '65 23*30 2Q'9. r ) 

Determinations wore also made on sea-waters of four different 
salinities. These values were then combined with those obtained for 
distilled water, and forinuhe obtained connecting the absorption 
coefficient, temperature, and salinity (chlorine-coutent) of the sea- water 
for nitrogen and oxygen at the partial pressures they have in air. 
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Tables are thea given showing the amount of nitrogen (containing 
argon) and oxygen (in c.c.) absorbed by 1000 c.c. of sea- water from a 
free dry atmosphere of 760 mm. pressure at temperatures from 0° to 
28°, and the chlorine content 0—20 per mille. 

In the case of carbon dioxide the pressure in sea-water varies 
probably between 1 and 7 parts per 10,000; the total alkalinity also 
varies, and for the open ocean is equivalent to about 40 mg. Oil p er 
litre. The carbon dioxide pressure was determined by a modification of 
Pcttenkofer’s method. It was first of all established that the ratio of 
total C0 2 to total OH is rectilinear, and as a result of the law of iii a5s 
action no C0 8 '-ions are formed; all the combined carbon dioxide must 
be in the form of HCO g '. The effect of varying pressure on only one 
alkalinity, that selected being 40 mg. OH per litre, was then deter- 
mined. From these -results an interpolation formula connecting the 
carbon dioxide per litre of sea-water, tbo salinity, the alkalinity, the 
temperature, and the pressure was obtained, and tables of the calculated 
results are given. 

From these tables a calculation can be made of the power of the sea 
to conserve the constancy of carbon dioxide in the air (compare 
Arrhenius, Phil. Mag., 1896, [v], 41, 273). The conclusion is drawn 
that for the open ocean (OH = 40 mg. per litro and t = 12°) it requires 
17 ‘6 times as much carbon dioxide to raise the carbon dioxide partial 
pressure as for the same volume of air ; or, if a quantity of carbon 
dioxide is poured into the air, as, for example, by volcanic action, two* 
thirds will eventually be absorbed by the sea. The final equilibrium 
will not be attained, however, until either the insoluble carbonates on 
the sea-bottora or the carbon dioxide in the air have completely gone 
into solution in the form of HC0 3 '. The time necessary for this is not 
known, but it must be very important geologically. 

The concentrations of the free ions, HOO./ and H‘, for ocean-water 
are calculated to be respectively 2*24 x 10 -3 and T6 — 2‘6 x 10' c grain- 
equivalents per litre ; thus sea-water is just slightly more acid that 
distilled water. 

The paper also contains a description of the apparatus used 
for extracting and analysing gases dissolved in liquids. 

T. S. P. 

Red Phosphorus and the so-called (< Hittorf's Phosphorus.’ 1 
Alfred Stock and Franz Gomolka (Aer., 1909, 42, 4510—4527), 
— Hittorf’s phosphorus, having the high density 2’3, is the only 
variety, other than yellow phosphorus, which is at all well defined, the 
ordinary red variety being a mixture. 

Hittorf’s phosphorus is best prepared by heating 3 grams of pure 
phosphorus with 200 grams of lead in a sealed Jena glass tube, packed 
in sand, to 800 g for forty-eight hours. The glass is broken and 
removed in a freezing mixture, and the lead cleaned by brushing and by 
washing with hydrofluoric acid. As nitric acid attacks the phosphorus, 
the lead is best removed by electrolysis in acetic acid containing lead. 
The cathode is placed at the bottom of the vessel, a clock-glass being 
fixed below the rod. The residue thus obtained contains some lead, 
mechanically dislodged from the anode, and is purified by boiling with 
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hydrochloric acid in an atmosphere of carbon dioxide, followed by 
treatment with hydrofluoric acid. The purest product still contains 
1 - 5 % of lead. 

Bismuth may be used in place of lead, but it dissolves only one-fifth 
as much phosphorus, and the crystals obtained are less pure. The 
metals appear to be held in solid solution. 

Only very minute quantities of Ilittorf’s phosphorus are obtained 
by sublimation. An improvement of this method is being studied. 

Ordinary red phosphorus melts at 605—610°, and Hittorfs 
phosphorus at 620°. The product obtained by fusion in a closed tube 
is heterogeneous. 

Hittorf's phosphorus, corrected for the dissolved lead, has 
X) 2 31 — 2 33. It is much less chemically reactive than ordinary red 
phosphorus at high temperatures, but both oxidise slowly in the air to 
deliquescent products. The statement, often made, that red phosphorus 
is stable in air, is incorrect. C. H. D. 

Oxidation of Phosphorus. Willem P. Jorissen and N. H. 
Silwertsz van Keesema (Chem. Weekblad , 1909, 6, 931—938. 
Compare Schmidt, Abstr., 1902, ii, 237 ; Seheuck, Mihr, and Banthien, 
Abstr., 1906, ii, 326 ; de Broglie and Brizard, Abstr,, 1909, ii, 535; 
Biboul, ibid., ii, 718; Elster and Geitel, Physical. Zeitsch., 1902, 3, 
475 ; 1903, 4, 111, 293, 436, 457 ; Ber. deut, physikal. Gee., 1906, 
640). — The work of Elster and Geitel and of Schmidt on the oxida- 
tion of phosphorus has been repeated. The results obtained support 
the conclusions of Elster and Geitel, but indicate that Schmidt’s 
statements are erroneous. A. J. W. 

Preparation of Hypophosphoric Acid. Jacques Cavalier and 
X Cor nec (Bull. Soc . chin i., 1909, [iv], 5, 1058 —1060). — A number of 
glass rods are placed across the bottom of an ordinary photographic 
washing dish, and on these are laid transversely, sticks of phosphorus, 
separated from each other by glass rods. Water is then poured into 
the dish until the phosphorus is half submerged. The whole is 
covered by a glass plate resting on a layer of cotton wadding, so that 
air is slowly but continuously admitted. The acid formed can be neutral* 
ised by sodium carbonate, to form sodium hydrogen hypophosphate, or 
the latter salt can be obtained at once by substituting a solution of 
sodium acetate for water in the dish. From this sodium salt, the acid is 
best recovered by making the lead salt by double decomposition, and 
regenerating the acid with hydrogen sulphide. By this process, ami 
using a dish 13 x IS cm., from 30 to 50 grams of sodium hydrogen 
hypophosphate may be obtained in five to six days. T. A. H. 

Decomposition of Water by Hypophosphites in Presence 
of Palladium as a Catalyst. Alexis Bach (Ber., 1909, 42, 
4463 — 4470). — The formation of copper hydrido from sodium hypo- 
phosphite and copper sulphate takes place at the ordinary temperature, 
and is an example of the decomposition of water by an oxidisable 
substance in presence of a substance capable of combining with 
hydrogen. The same reaction- takes place in presence of a catalyst, 
hydrogen being set free. 
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Solutions of sodium hypophosphite and palladium chloride are 
used, the course of the reaction being followed by measuring the 
volume of hydrogen evolved. The velocity of decomposition increases 
much more rapidly than the quantity of palladium added, the coq. 
centration of the hypophosphite being kept constant. The velocity 
decreases rapidly with time, and is not increased by further additions 
of palladium, but rises to the original value on further addition of 
hypophosphite. With constant palladium, the velocity increases 
rapidly than the quantity of added hypophosphite. Hydrocyanic acid 
prevents the decomposition, or, if palladium sponge is used instead of 
the chloride, slowly brings it to a standstill. 

The analogy of the behaviour of palladium in this case to that of 
a peroxydase is pointed out, both departing from the laws of chemical 
kinetics. The intermediate formation of an unstable palladium 
perhydride is assumed. 0. II. D, 

Phosphorescent Oxidation of Arsenic. L&on Bloch {Compt, 
rend., 1909, 149, 775 — 777. Compare Abstr., 1909,- ii, 395).— The 
phosphorescence of arsenic at 200°, like that of sulphur and phosphorus 
is accompanied by oxidation, by which arsenic trioxide is produced. 
As in the case of sulphur, no ionisation occurs, and there is also no 
formation of ozone, which is produced by both sulphur and phos' 
phorus. The product of oxidation of arsenic, either phosphorescent!? 
or with flame, always contains arsenic oxide, just as some phosphoric 
oxide and sulphur trioxide are always produced in the parallel cases. 
The arsenic oxide, which may amount to 1 /30th of the whole, seems 
to be formed directly from arsenic, since arsenious oxide cannot be 
oxidised under the conditions. The author assumes conversely that 
arsenic oxide is the sole original product, and this is mainly 
decomposed into arsenious oxide by a secondary change. 

The synthesis of sulphur chloride and arsenic chloride without 
incandescence is unaccompanied by ionisation, K. J. C. 

Formation of Silicon Sulphide in the Desulphurisation of 
Iron. W. Fielding {Trans. Faraday Foe., 1909, 5, 110 — 111).— The 
object was to find the conditions under which ferrosilicon can react 
with ferrous sulphide and liberate a sulphide of silicon. The reaction 
was investigated by heating mixtures of the two compounds in a 
vacuum at known temperatures. The heating was effected in a 
crucible in the form of a hollow graphite rod, heated electrically. 

With commercial ferrous sulphide the mass fused at about 93u°, and 
a vigorous reaction set in, accompanied by a rise in temperature. 
With pure ferrous sulphide, no reaction was observed up to about 
1300°, so that the reaction noted with the impure compound was 
probably due to reduction of oxide of iron present by the ferro* 
silicon. 

In all the experiments a yellow sublimate appeared on the walls ol 
the tube at 150CP. This was found to consist of approximately 50 % of 
silicon sulphide (assuming the formula to be SiS.,), the remainder being 
iron sulphide which had volatilised, silifca resulting from the action ot 
moisture in the air on the silicon sulphide, and a small amount of 
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finely-divided ferric oxide. In different experiments products of 
variable composition were obtained, and it has not been possible 
completely to identify the silicon sulphide present in the product. 

T. S. P. 

Thermal Analysis of the System K 2 S0 4 -KF. B. KarandSeff 
(Gent?. Min,) 1909, 728 733). — On the basis of observations on 
the rate of cooling of fused mixtures of potassium sulphate and 
potassium fluoride, a temperature concentration diagram has been 
constructed. The freezing-point curve consists of three branches 
corresponding with the two components and with a double salt, 
KF,K 2 S0 4 , respectively. The eutectic temperatures, 883° and 788°, 
correspond respectively with 41 and 83 mols.% of potassium fluoride. 
The double salt melts at 887°. Ii is only stable at temperatures 
above 578°, and on cooling below this, breaks up into its components. 
Potassium sulphate undergoes a change in crystalline form at 599°. 

H. M. D. 

Existence of Real Percarbonates and their Differentia- 
tion from Carbonates with Hydrogen Peroxide of Crystal- 
lisation. E. H. Riesenfeld and B. Reiniiold ( Ber ., 1909, 42, 
4377 — 4383).— According to the authors, Constam and von Hansen 
(Abstr., 1897* ii, 550) did not definitely prove that the substance 
which formed at the anode in the electrolysis of concentrated solutions 
of potassium carbonate was potassium percarbonate. The substance 
was never obtained pure, the hydrogen carbonate and water being 
always present, so that it was possible that it was a hydrogen peroxide 
additive product of potassium carbonate, since the authors have 
recently proved the anodic formation of hydrogen peroxide in strong 
solutions of potassium hydroxide at low temperatures (compare Abstr., 
1909, ii, 879). 

The authors have now succeeded in preparing a pure potassium 
percarbonate of the formula K 3 0. 7 0 6 , and containing neither water 
nor hydrogen carbonate, so that it could not be an additive product of 
hydrogen peroxide. It was made by the electrolysis at - 30° to - 40° 
of a very rstrong solution of potassium carbonate, contained in a 
U tube. The anode was a platinum wire, tho cathode being of 
platinum foil and surrounded by parchment paper. The current used 
was 0-5 ampere. After six hours the salt formed at the anode was 
collected, washed with cold water, alcohol, and ether, and dried, and 
then proved to have the composition given above. When added to a 
neutral solution of potassium iodide at the ordinary temperature, it 
immediately liberates iodine according to the equation. : 

c 2 <v "h ~ 2CO3 + ig, 

no oxygen being evolved, whereas hydrogen peroxide reacts very 
slowly under such conditions. This reaction is characteristic of a 
real percarbonate, and can be used to distinguish them from additive 
products of carbonates and hydrogen peroxide. It is found that the 
percarbonates described by Tanatar (Abstr., 1903, ii, 208), when added 
to a neutral solution of potassium iodide, cause a brisk evolution 
of oxygen, and the solution remains colourless. All these compounds 
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must therefore be classed as additivo products of hydrogen peroxide 
and carbonates. The percarbonates obtained by Wolffenstein and 
Peltner (Abstr., 1908, ii, 180, 183; 1909, ii, 574) are also doubtful. 

It was not found possible to prepare solid percarbonates of lithium, 
sodium, rubidium, and crasium, although the anolyte reacted towards 
potassium iodide as if it contained per carbonate, T, fc. P, 


Reduction of Sodium Sulphate by Carbon. Albert Colsox 
(Compt. rend., 1909, 149, 1076— 1078). — When an intimate mixture 
of sodium sulphate and animal charcoal is heated in an iron pi pg ( 
practically no interaction takes place below 950°, but at this temper 
ture the reduction is rapid and uniform, especially if charcoal is u^ 
in the proportion required by the equation : Na 2 S0 4 + 40 = Na 2 8 + 4C0. 
With increase of temperature, the rate of action augments rapidly. 

T. A. H, 


Action of Safety Explosives containing Ammonium Nitrate 
in the Presence of Carbon, Paper, and Paraffin. H. Daitriche 
(Compt. rend., 1909, 149, 926— 928).- Safety explosives containing 
ammonium nitrate are used in coal mines, and since oxygen is set free 
in the explosion, it is important to investigate their action on charcoal 
powder, which would be equivalent to coal dust in the mine, and or 
paper and paraffin, the latter being used in making the cartridges. 

Experiments carried out under conditions vrt*y similar to those 
obtaining in a mine, with an explosive consisting of 90 parts of 
ammonium nitrate to 7 parts of trinitrotoluene, show that charcoal 
powder surrounding the cartridges is burnt, and that all the oxygen 
is used up with the formation of carbon monoxide. The combustion 
of the paper and paraffin depends on the diameter of the cartridges. 
When these are 30 mm. in diameter, the combustion is feeble, but 
when 40 mm. in diameter, it is very marked. T. S. P. 


True Atomic Weights. Stas’ Determinations. III. Lock 
Dubreoil (Hull. Soc. rkim., 1909, [iv], 5. 1049—1053, 105.J— 1055, 
1055—1058). — A series of three papers continuing (this voh, u, cito) 
the critical revision of Stas’ determinations, the cases now considered 
being (1) silver iodate, (2) silver bromate, (3) silver chlorate. 

The apparent atomic weights found for the three cases are: (li 
silver 107*9990 and 107*9991, iodine 126*9790 and 126*9991, oxygen 
16*0149 and 16 0128, (2) silver 107 9995, bromine 79 999a, and 
oxygen 16 0061, (3) silver 107*9996, chlorine 35*4996, and oxygen 
16*0036. 1 * U ' 

So-called Electrolytic Peroxide of Silver. Margrete Bost 
(ZeiUch. physikal. Chem., 1909, 68, 383-384).— The author’s work or 
the same subject (compare Abstr., 1905, ii, 299) has not been meiitionec 
by Baborovsky and Kuzma (compare Abstr., 1909, ii, 666). • 

Silver and Thallium Iridichlorides and Iridochlorides. Marcei 
Delepine (Compt. rend., 1909, 149, 1072 — 1074. Compaie 
1908, ii, 702).— The fugitive blue precipitate formed when potass 
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iridichloride is added to silver nitrate consistg of silver iridichloride, 
AjjglrClg. This when kept* either alone or in presence of excess of 
silver nitrate; passes into silver iridochloride, Ag 3 IrCl a , which is 
yellow, and on treatment with ammonia changes into the greenish- 
yellow argentodiammoniuin iridochloride , (Ag2NH 3 ) 3 IrCl 6 , which loses 
part of its ammonia on exposure to air and the whole of it oil war min 1,1 
(compare Claus, J. pr. Cham., 1847, i, 42, 348). 

Thallium iridichloride, Third,., forms small, opaque, greenish-blue 
cubes, and is more stable than the corresponding silver salt. Boiling 
hydrochloric acid decomposes it, forming the iridochloride, Tl a IrCl fiJ 
which crystallises out, on cooling the liquid, in bronze-tinted lamelhe. 
JSitric acid re-converts it into the iridichloride. T. A. II. 

The Calcium Silieides and their Absorptive Power for 
Nitrogen. Adalbert Kolb {Zeitsch. anorg. Chem 1009, 04, 
342—367). — By heating together calcium and silicon, two silieides are 
obtained, according to the component in excess. The products contain 
53*5% and 36*68% Si respectively, corresponding approximately with 
the formulas Ca 6 Si 10 and Ca u Si 10 (compare Hack* pill, Abstr., 1908, 
ii, 589 ; Tamaru, Abstr., 1909, ii, 400). Both silieides are crystalline, 
evolve hydrogen with acetic acid, and evolve spontaneously inflammable 
hydrogen with dilute hydrochloric acid. Silicones are obtained with 
concentrated hydrochloric acid. The first silicide yields an oraDge or 
yellow, crystalline silicone, the second yields a silicone containing less 
silicon. 

Both silieides absorb nitrogen actively Dear 1000°, the first com- 
pound being the more energetic. The products have the respective 
compositions CaSi 2 N 3 and Ca ll Si l0 N 10 . Structural formula are pro- 
posed for the silieides, silicones, and silico-nitridea. C. II. I). 

Calcium Ferrites. Siegfried Hilpert and Ernst Kohlmeyer 
{Ikr., 1909, 42, 4581 — 4594). — Mixtures of pure ferric oxide and 
lime are heated in a platinum crucible, protected by an outer crucible 
of spinel mass, in an electric furnace, of which a hollo wed-out carbon, 
rod forms one pole, the other being an outer iron cone, the space 
between being tilled with granulated carbon. 

Mixtures containing only small percentages of iron oxide are not 
completely fusible under these conditions, being on y pasty. The 
last portion solidifies at 1410°, when they become completely solid. 
The lime forms well-developed crystals. When the lime falls below 
75 mol.%, the primary crystallisation is that of the orthoferrite. The 
first complete fusion is obtained with 69 mol.% CaO, freezing 
beginning at 1550°. 

Calcium orthoferrite-, 3Ca0,Fe 2 0 3 , melts at 1410°, and disintegrates, 
like calcium orthosilicate, on further cooling. The next compound, 
3CaO,2Fe 2 O g , melts at 1450°. At 1220° a reaction occurs in the solid 
state, the compound formed having a formula near to 5Ca0,3Fe 2 0 3 
(compare the aluminate, 5Ca0,3Al 2 0 3 : Shepherd, Rankin, and Wright, 
Abstr., 1909, ii, 1015). There is a eutectic point at 1200° and 
50 mol.% CaO, and a second maximum at 1400°, corresponding with 
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the compound 2Ca0,3Fe 2 0 3 . Qcdcium metafi ir^, CaO,Fe 2 O g , ap peai , 
to be formed below the eutectic point. The behaviour of mixtuie$ 
rich in ferric oxide is complicated, partly owing to the escape 
oxygen and the formation of crystals of magnetite. Ferric oxide 
melts at 1565°, and the magnetio oxide at 1527°. . . 

The colour of the mixtures becomes darker with increasing iron. 

The specific volume curve shows a sharp change of direction at the 
formula CaO,Fe 2 O s> and another, less distinct, near 20 mol.% CaO. 
The magnetic properties diminish with the proportion of iron, and 
become insignificant at 67 mol.% CaO. The electrical conductivity!, 
very small throughout, even that of fused ferric oxide being only 
10 -i° that of iron. Solid solutions are not formed, and the low 

conductivity is unexplained. , , , 

The calcium ferrites are much less readily attacked by reagents 
than the silicates, hence the advantage of their presence m cement* 
exposed to sea-water. The mixtures containing 60-70 mol.% CaO 
are hydraulic. Calcium ferrites are less easily reducible thai^fernc 
oxide. 

Compounds containing Iron Peroxide, FeO,. Ludwig Motaa 
and II. Borck (/?«-., 1909, 42, 4279-4283 Compare Abstr.^SIOS 

ii 540 \ When a mixture of concentrated solutions of ferric and 

strontium nitrates (1 mol. : 1—2 mols.) is evaporated to dryness and 
the finely-powdered residue heated at a temperature of not more tins 
GOO 3 in a stream of oxygen until oxides of nitrogen are no longer 
evolved, a compound is obtained which seems to have the formula 
SrO FeO, Determination of the proportion of active oxygen to feme 
oxide showed that it could not he a compound of strontium perond. 

afl A 'sim Barroom pound was indicated in the residue obtained by beat 
ing a mixture of barium hydroxide and ferric hydroxide at 400 m 

CU T r rJe 0 t co 0 nTnnds are hiack substances, which are stable be,,. 
650°, but decompose gradually above that temperature Ihey an 
slowly acted on by water with evolution of oxygen. Hy drogen per 
oxide reacts violently with liberation of oxygen; acids act in a similar 
manner Hydrochloric acid gives both chlorine and oxygen, ora it 
“ xy "n and carbon dioxide. Mixtures of air and alcohol o 
other inflammable vapours, when led over the heated compoun s, ,i 
oxidised to water and^carbon dioxide, and when once the combustion 
has started, it proceeds of its own accord. ..... 

It is possible^ that a compound of iron peroxide with lithium - 
has been obtained, but it was not found possible to prepare m* 

compounds with other bases. . nYlt : nra aid 

In an appendix, H. Borck describes a compound of strontium . 

ferrio oxides which is obtained, in a hydrated ‘ w “ e cip itateil 

brown precipitate by warming a suspension of freshly precip ^ 
ferric hydroxide in a concentrated solution of strontium hy 
some time on the water-bath. On heating, it loses water and become- 
brown, and at temperatures above 300° it absorbs oxygem % f - 
the compound SrO,Fe0. 2 . 
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Hexahydrated Glucinum Sulphate. Mario Levi-Malvano 
(Qazzetta, 1909, 39, ii, 438—440, Compare Abstr., 1906, ii, 165). — 
The author gives a new example of crystallisation of one salt under 
the catalytic influence of another dissolved salt. 

When prepared in the ordinary way, hexahydrated glucinum 
sulphate forms a mass of crystals incapable of being measured ; but 
when a solution containing equimofecular proportions of glucinum 
and potassium sulphates is concentrated on the water-bath and allowed 
to cool, it deposits large crystals of bexahydrated glucinum sulphate 
belonging to the cubic system [Zambonini], and melting partly at 
78—80° and completely at 95— 96°. T. H. P. 

Basic Magnesium Chlorides. William 0. Robinson and W. H. 
Waggaman («7*. Physical Chen i., 1909, 13, 673 — 678). — Solutions con- 
taining from 2 ‘3 6 to 34*22% of magnesium chloride were shaken with 
small amounts of magnesium oxide for six months at a temperature of 
25°. At the end of this time, the residues had become homogeneous, 
and the solutions constant in composition, From an examination of 
the diagram on which the solubility data are plotted, the conclusion is 
drawn that the solid substance in equilibrium with solutions contain- 
ing less than about 10% of magnesium chloride is an indefinite solid 
solution, whereas the solid residue in contact with more concentrated 
solutions is a basic salt of the composition 3MgO,MgCl 2 ,10H 2 O. 
Microscopic examination showed that this consists of very small, 
acicular crystals. H. M. D, 

Zinc Amalgams. Ernst Cohen and Katsuji Inouye (Ckem. 
Weekblad, 1909, 6, 921 — 930. Compare Roozeboom and Byl, Abstr., 
1901, ii, 507 j Kerp and Bottger, Abstr., 1900, ii, 656 ; Pushin, 
Abstr., 1903, ii, 212; Hulett, Abstr., 1900, ii, 543). — The authors 
have investigated the solubility of zinc in mercury at temperatures 
between 0° and 100°, and found that it increases, Kerp and 
Bottger’s method gives erroneous results, especially between 20° and 
100°. Pushin’s results are also incorrect. A. J. W. 

Double Fluorides of Univalent Thallium. Fritz Ephraim and 
Leonid Heymann (Ber., 1909, 42, 4456 — 4463 ). — Tkallous 
manganosomanganic fluoride, 5TlF,2MnF 3 ,MnF 2 » obtained by pre- 
cipitating manganous acetate with ammouia and hydrogen peroxide, 
dissolving the well-washed precipitate in hydrofluoric acid, and adding 
thallous fluoride, forms claret-coloured prisms, decomposed by water, 
but soluble in cold concentrated sulphuric acid or in dilute oxalic or 
tartaric acids to violet solutions, decolorised on heating. Attempts 
to prepare the manganic compound result in the formation of this 
salt. 

The three antimony compounds, TlF,SbF 8 j TlF,2SbF 3 , andTlF,3SbF s , 
are all crystalline. 

Thallous fluoride and an excess of a solution of vanadium pentoxide 
in. hydrofluoric acid yield minute, insoluble crystals of the salt, 
3T1F,2V0,F. 

By previously reducing the vanadium solution with sulphur dioxide, 
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small, green crystals of the salt, 2T1F,Y0F 2 , are obtained, whilst 
reduction of the pentoxide with hydrogen, followed by solution in 
hydrofluoric acid and addition of thallous fluoride, leads to the 
formation of green crystals of T1 F,VF s , 2H, 2 0 or of 2T1F,VF 3 ,H,0 
according to the proportions taken, i 1 

The thallous tantalum compound, 2TlF,TaF 5% forms bright glisten- 
ing crystals. 

Three tungsten compounds, 2T1F,W0 2 F 2 , 3TlF,2W0 2 F a , and 
T1F,W0 2 F 2 , are obtained by adding different proportions of thallous 
fluoride to a solution of tuDgstic acid in hydrofluoric acid. 

C. H. D. 

Conditions which Determine the Composition of Electro 
deposited Alloys. Fart I. Copper-Zinc Alloys. Samuel Field 
{Trans. Faraday Soc 1909, 5, 172 — 194). — To trace the effect of 
varying conditions on the composition of electro-deposited alloys, the 
composition of electro-deposited brass, obtained from a cyanide 
solution under different conditions of (a) composition of solution 
(6) strength of solution, (e) temperature, ( d ) current density, and (e) 
presence of free cyanide, was determined. The conditions for 
quantitative deposition from cyanide solutions of the metals separately 
were first found, and the solutions were then mixed. It was found 
that, with a solution containing about equal quantities of the two 
salts in the absence of any notable amount of free cyanide : ( a ) Copper 
is the more readily deposited. ( b ) The percentage of zinc increases with 
the current density, and also as the amount of zinc compound is 
increased, (c) Even with a large excess of^zinc in the electrolyte, 
deposits containing a fair proportion of copper are readily obtained, 
(</) Dilution raises the percentage of zinc, because of the higher B.M.F. 
necessary to maintain the same current density, (e) Rise in tempera- 
ture increases the proportion of copper deposited. (/) With appreciable 
amounts of free cyanide the percentage of copper is always high, even 
with high current density. Free cyanide does not increase the 
conductivity of the solution to any great extent, but it prevents the 
formation of insoluble single cyanides at the anode. 

Uniform deposition is not maintained in cold stationary solutions, 
and the insoluble cyanides formed at the anode may completely insulate 
the plates. With a warm and moving solution, uniform deposits may 
be obtained without the presence of much free cyanide, the anodes 
dissolving freoly. These cyanide solutions are subject to continual 
changes of composition which soon prevent the exact repetition of 
similar conditions. These changes are due to : (1) differing proportions 
of copper and zinc dissolved at the anodes and precipitated at tho 
cathodes, and (2) to the different amounts of cyanide absorbed or set 
free by the metals. 

The zinc compound used in the above experiments corresponded with 
the composition Zn(CN) 2 ,KON, whilst the copper compound had the 
composition CuCN,KCN. This latter compound was obtained by 
saturating a hot solution of Kahlbaum's potassium cuprocyanide, of 
the composition 3CuCN,KCN + 5KCN, with freshly precipitated copper 
carbonate, and then allowing it to crystallise. T. S. P, 
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The Corrosion of Iron. J . Newton Friend (J. Iron cml Steel 
Inst., 1909, Reprint 3—7. Compare Abstr., 1908, ii, 698; Proc 
1909, 25, 90). — A criticism of recent experiments on the rusting of 
iron. The presence of an acid is necessary to the initiation of rusting 

C. H. B. 

The Action of Air and Steam on Pure Iron. J. Newton 
Friend (/. Iron and Steel Inst, 1909, Reprint 2—11. Compare 
preceding abstract). At temperatures above 200°, pure iron oxidises 
in air dried by means of phosphoric oxide. Steam, carefully freed 
from carbon dioxide, is without action on iron at 100—250°. Slight 
action begins at 330°, and is rapid at 445°. Traces of air may have 
been present. Experiments in silica tubes indicate that the tem- 
perature at which action begins is near 350°. The action of steam 
probably takes place in two stages, the steam being first dissociated, 
and the oxygen thus set free acting on tho iron. An estimate is 
made of the dissociation pressure of iron oxide. O. H. D. 


Reduction of Iron Oxide by Hydrogen and Carbon 
Monoxide. Siegfried Hilpert (Her., 1909, 42, 4575 — 4581). — 
The temperature at which the reduction of ferric oxide by hydrogen 
begins, depends on the temperature to which the oxide has been 
previously heated. A sudden fall in the reducibility of oxide pre- 
pared from the hydroxide occurs at 900°, at which point there are 
indications of a polymorphic change. Oxide prepared from the 
oxalate only shows this change at 1000°. In both cases the final 
product behaves like natural hiematite, and is only reduced from 330° 
onwards. It is impossible to obtain a product containing a deter- 
mined quantity of oxygen by these means, as the reaction takes place 
unequally in different parts of the mass. 

Carbon monoxide is active even at 240°, but the resulting oxide is 
impure, containing carbon. 0. H. D. 

Ohromi-aquo-triammines. E. H, Riesenfeld and F. Seemann 
(Ber., 1909, 42, 4222—4232. Compare Abstr., 1906, ii, 760). — If 
chromtetroxide-triammine is added in small quantities at a time to a 
cooled dilute solution of hydrochloric acid, a violent reaction takes 
place, with evolution of oxygen and chlorine and formation of a red 
solution. Addition of concentrated hydrochloric acid to this solution 
produces, after a long time, a precipitate of dichloroaquotriammine- 

chromi chloride, J^CloCr^j^ Jci, in the form of reddish-violet, di- 

chroitic crystals, which are soluble in water to a blue solution. If 
concentrated hydrochloric acid is used instead of the dilute acid, a light 
green solution is obtained, from which grey, needle-shaped crystals of 
a second modification of the above chloride separate, which is 
scarcely soluble in cold water, but dissolves in hot water to a red 
solution. A third modification is obtained by heating a hydrochloric 
acid solution of the first chloride for some time at 60°. The solution 
gradually becomes green in colour, and on evaporation in a desiccator, 
dark green crystals are obtained, which dissolve in water to a green 



ii. 40 


ABSTRACTS OF CHEMICAL PAPERS. 


solution. Neither of these, three chlorides readily loses water, which 
is therefore probably contained; in the complexdif all three salts, 
all probability they are stereoisomerides : 
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At present it is impossible to say which formula corresponds with 
which isomeride. 

If the aqueous solution of either of the three isomeric chlorides is 
heated to the boiling point, the colour changes to a violet-red, and on 
careful evaporation, violet-red crystals of the chlorodiaquotriammine- 

chromichloride, j^(NH s ) 3 Cr^^ 2 ^ 2 Jci 2 , are obtained. These crystals 

are readily soluble in water to a red solution, from which, by the 
addition of concentrated sulphuric acid and precipitation with alcohol, 
pale violet, hygroscopic crystals of the chlorodiaquotriamminechronu- 

sulphate, (NH 8 ) 8 Cr^^ !! Js0 4 , are obtained. 

Chromtetroxide-triammine dissolves in concentrated nitric acid to 
a red solution, from which rose-red crystals of nitro-diaquotriammine- 

chromi nitrate, j^(NH 3 ) 3 Cr^^Q^ 2 J(N0 8 ) 2 , separate. 

Triaquotriamminechromichloride, [(NI^jC^HgO^jClj, is obtained 
by dissolving chromtetroxytriammine in dilute hydrochloric acid and 
passing hydrogen chloride into the resulting solution. After a time, 
bright red, needle-shaped crystals of the triaquochloride separate. If 
the hydrogen chloride is passed in for too long a time, the solution 
becomes green in colour, and crystals, either of the dichroitic or of the 
grey monoaquochloride, are obtained. If the aqueous solution of the 
triaquochloride is treated with concentrated nitric acid, deep red 
crystals of the triaquotriammine-clironiichloride nitrate, 

[(NH,),Cr(OH 2 ),]^, 

are obtained. 

Each member of the series of the chromi-aquo-triammines, with the 
exception of the first, [Cl g Cr(KH g ) B ], has thus been obtained. The 
separate members are characterised by their different colours, not only 
as solids, but also in aqueous solution, and it is noteworthy that the 
colours are exactly analogous to those of the corresponding cobalt 
compounds, as shown by the following table : 

M ^ Co. M=Cr. 

[(NH 3 ' 3 M,H 2 0] Bluish-green solutiou Bluish-green solution. 

[(NHj) 3 M,2II 2 0] Reddish-blue „ Violet-red „ 

[(NH 8 ) s M,3H 2 0] Purple „ Purple 

This similarity fin colour is all the more remarkable since the 
ordinary cobalt and chromium salts are so different in colour. The 
conclusion, is therefore drawn that the colour of a salt depends mote 
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ts constitution than on the metal which forms part of the cation, 
umiog tl&t the*atoms in the molecule are bound together by 
trical forces, the constitution of the molecule will depend on its 
tron-content and on the distribution of the electrons. It follows 
b absorption (of light), electron-content, and the distribution of 
itrons are all closely connected, a conclusion which has been 
ved at in quite another way from optical considerations. 

T. S. P. 


['he Isomerism of the Stannic Acids. Werner Mecklenburgh 
itsch. anorg. Chem, t 1909, 64, 368 — 374). — The two modifications 
;tannic acid are best regarded as colloidal substances, differing in 
size of their particles, as suggested by van Bemmelen (Abstr., 
18 1160; 1905, ii, 461). The greater adsorptive power and 
ctivity of the a-acid indicates that it has the liner structure. The 
;ence of any direct relation of the /3-acid to the crystalloid 
opounds of tin is evidence of its coarser structure, C. H. D. 


Double Halogenides of Ter-, Quadri-, and Quinque-valent 
itimony. Fritz Ephraim and & Weinberg (fier., 1909, 42, 

4.7 4456). — Derivatives of quadrivalent antimony have a great 

idency to decompose into mixtures of compounds of ter- and quin- 
e-valent antimony, with the exception of the thallium salt, 
TlCl 8J TlCl,2SbCI 4 , 

rich is stable (Ephraim and Barteczko, Abstr., 1909, ii, 236). The 
uilibrium SbCl s + SbCl 5 ^ 2SbCl 4 is greatly dependent on the 
nperature and on the possibility of ionisation, the addition of 
lphuric acid or of salts favouring the tetrachloride. 

On adding solid ammonium chloride to a fused mixture of antimony 
i- and penta-chloridcs, the liquid becomes black, and solidifies on 
oling to a violet mass, which slowly loses its colour at the ordinary 
mperature, ultimately becoming white. The dark metastable salt is 
ist obtained by pouring the hot mixture into chloroform ; it then 
mains for some hours without change. * 

The ammonium compound of antimony tetrabromide, (NH 4 ) 2 SbBr 6 , 
•epared by adding the requisite quantity of bromine, followed by 
nmonium bromide, to a solution of antimony tribromide in [con- 
mtrated hydrobromic acid, forms black octahedra, stable in air. The 
•ee acid was obtained in a state of doubtful purity, 

A ferric ammonium antimony chloride , 9NH 4 Cl,2FeCl 3 ,3SbCl 4 , is 
stained by mixing the chlorides in concentrated hydrochloric acid, 
ad forms black octahedra. It may be regarded as 3(NH 4 ) 2 SbCl 6 + 


NH.Ci,2FeCl 3 . u , 

Compounds of antimony tri- and penta- halogenides with salts ot 
lkylamines are also described. The methylamine compounds, 

SbCl 8 ,NH 3 ltteCl . 

nd SbOUJHjMeOl, form very large, colourless prisms and micro- 
copic crystals respectively. The bromide , 2SbBr g ,3NH 3 MeBr,oH. <! , 
orms lemon-yellow, six-sided leaflets, and the iodide t 
* 2SbI r SSH B MeI,5H s O > 

orms yellowish-red leaflet^ with golden reflex, 
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The ethylamine compounds: 2SbBr 3 ,3NH 3 EtBr, a yellow gait 
containing water ; SbBr s ,NH s EtBr, dark red leaflets, and 
2SbI 8 ,3NH 9 EtI, 

are described. 

The following dietkylamine compounds are described : 

SbCl 3 ,NHEt 2 ,HCl, 

long, transparent neodles ; SbCl 5 ,NHEt >2 ,HCl ; SbBr 3 ,NHEt,,HEr ; 
SbBr 5 ,2NHEt s ,HBr, black crystals, violet in thin fragments; and 
SbBr 5 ,NHEt. 2 ,HBr, garnet-red, rectangular crystals, C. H, I). 


Effect of Ferric and Cupric Salt Solutions on Gold. W. J. 
McCaughey (/. Amer . Chem. Soc 1909, 31, 1261 — 1270). — In the 
analysis of gold bullion containing a large proportion of tin, it was 
found that the gold could be most conveniently separated by pre. 
cipitation with ferrous sulphate. The precipitate, however, still 
contained tin, and if sufficient hydrochloric acid was present to keep 
all the tin in solution, the gold was not completely precipitated. 

Preliminary experiments having shown that gold is soluble in 
solutions of both ferric and stannic salts in presence of hydrochloric 
acid, an investigation was carried out to ascertain the effect of the 
concentration of the salt and acid and the presence of ferrous sulphate 
on the solubility. The solvent action of cupric chloride was also 
studied. The experiments were conducted at 38 — 43° and at 98 — 100°. 
The results are tabulated and plotted as curves. 

It has been found that gold is soluble in solutions of iron alum and 
cupric chloride containing hydrochloric acid, the solubility increasing 
with the concentration of the acid or salt. An increase in the con- 
centration of the acid has a greater effect on the solubility than an 
increase in the concentration of the salt, and particularly in the case 
of the copper salt. The rate of solubility in the presence of iron alum 
is eleven times greater at 98— -100° than at 38—43°, and in the 
presence of cupric chloride is 32 times greater at the higher tem- 
perature. By doubling the concentration of the acid, the solvent 
actiomof cupric chloride solution is increased seven times at 38—43° 
and live times at 98 — 100°. Iron alum is capable of dissolving gold 
even in presence of a ferrous salt, but the solvent action decreases as 
the concentration of the ferrous salt increases. In the precipitation 


of gold by ferrous sulphate, it is therefore advisable to use considerable 
excess of the reagent, and to allow the solution to cool before filtering 
it, since the solvent action of ferric salts is much greater at the higher 
temperatures. The solubility of gold in solutions of ferric salts 
gradually decreases with time and approaches a limit, but in the case 
of cupric chloride the amount of gold dissolved is directly proportional 
to the time, 


(fold Hydrosols. Carl Thomae (J. pr. Chim., 1909, [ii], 80, 
518 — 520). — Zsigmondy’s red-gold hydrosol, which can be kept for a 
year, is prepared with water distilled repeatedly through a silver 
condenser. However, a hydrosol, which is tenable for four months, 
can bo obtained with ordinary distilled water as follows. The water, 
120 c.c., is brought to the boil in a Jepsv flask) and 2*5 c.e. of gold 
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chloride solution (1 gram of crystallised salt : 167) and 3*2 c.c. of 
potassium carbonate (2*5 : 100) are added successively. Whilst the 
water is boiling vigorously and the flask is being violently shaken, 
5*0 c.c. of formaldehyde solution (3 grams of commercial approxi- 
mately 36% formalin : 100) are added drop by drop. If the first drop 
causes a separation of gold, the addition ia stopped, and the boiling is 
continued until the gold has disappeared. Gold should not separate 
until many drops of the formaldehyde have been added ; then the 
formation of a slight gold mirror is immaterial. The liquid is blue at 
first, and finally dark red. It is decanted into another flask. The 
formation of a filmiuess or turbidity indicates that the reducing agent 
hits been added too quickly, or in too large quantities. C. S. 

Magnesium Aurides. G. G. Urazoff (Zeitsck anorg. Chem„ 
1909, 04, 375—396. Compare Vogel, Abstr., 1909, ii, 896).— Alloys 
of gold and magnesium are best prepared by heating the components 
in the proportions required to form the compound AuMg in a graphite 
crucible enclosed in an iron cylinder with screw cap. Combination 
takes place readily at 700°, and the compound may be fused quietly 
with further quantities of gold or magnesium under a layer of alkali 
chloride. 

Four compounds are indicated on the freezing-point curve : AuMg, 
with a maximum at 1150°; AuMg 2 , with a maximum at 788°; 
Au 2 Mg 5 , at a break in the curve at 798°, and AuMg 3 , with a third 
maximum at 818°. Gold forms solid solutions with nearly 30 
atomic % Mg, and the compound AuMg forms solid solutions ranging 
from 42 to 66 atomic % Au. The compouud Am, Mg. undergoes a 
transformation at 721°. 

Alloys rich in gold may be etched with hydrochloric acid and 
bromine ; those containing little gold are etched sufficiently by 
polishing while wet. The microscopical examination confirms the 
indications of the cooling curves. C. H. D. 

Atomic Weight of Platinum. Ebenezer H. Archibald ( Proc . 
}ioy. Soc. Edxn 1909, 29, 721 — 747). — From a consideration of earlier 
determinations, the author draws the conclusion that the platinum salts 
analysed must have contained appreciable amounts of impurities, for 
very divergent results are obtained when the weight of original salt is 
used in the calculation of the atomic weight. To obtain pure platinum 
the metal was precipitated in the form of ammonium platinichloride, 
the precipitate being thoroughly washed and dried and then reduced in 
a current of pure hydrogen. After removal of ammonium chloride, the 
platinum-black was boiled with successive portions of concentrated 
hydrochloric acid to dissolve out traces of iron. The platinum was 
then redissolved, and the above processes repeated several times. 
After three operations all indications of iridium had disappeared. To 
avoid the difficulty of removing the last traces of nitric acid from a 
solution prepared by dissolving platinum in aqua regia, the metal was 
brought into solution by making it the anode in an electrolytic cell 
containing hydrochloric or hydrobromic acid. From such solutions 
the potassium and ammonium salts of chloro- and bromo-platinic acid 
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were prepared. With these four salts, four series of determinations 
were made by reduction in a current of jptiire dry hydrogen. Before 
reduction the potassium salts were heated at 400°, and the ammonium 
salts at 175°, for the purpose of expelling absorbed and occluded 
moisture. After reduction, the platinum metal, the halogen salt, and 
the halogen acid given off were estimated. These measurements giy 0 
several ratios from which the atomic weight of platinum can be 
deduced. Rejecting those in which the weight of original salt i s 
concerned, twelve values are obtained for the atomic weight, the 
lowest of which is 195*21, and the highest, 195*24. The mean value 
adopted is 195*23. (0 = 16.) 

Incidentally, it is shown that the same results are obtained for the 
weight of reduced platinum, whether this is heated and cooled in 
hydrogen and weighed at atmospheric pressure, or heated, cooled, and 
weighed in a vacuum. H. M, 0. 

Metallic Iridium Disulphates. Makcel Del^pine ( Compt 
rend., 1909, 149, 785—788; Bull. Soc. chim ., 1909, [ivj, 5, 
1084—1088, 1126—1133. Compare Abstr., 1909, ii, 408).— The 
action of sulphuric acid on potassium iridochloride gives a blue 
solution which does not contain a salt of the same type as .the 
ammonium iridium disulphates already described. The ammonium in 
the latter can, however, be wholly or partly replaced by potassium, 
sodium, thallium, and barium. 

The iridium disulphates fall into two series, namely, the green 
salts, which are generally acidic, derived from the acid, 
H 2 [Ir(S0 4 ) 2 (0H)H 2 0], 

designated H 2 A", and the reddish-brown salts, which are basic, derived 
from the acid, H 3 [ Ir(S0 4 ) 2 ( OH ) 2 ], designated II 3 A"'. These tautomeric 
acids aTe easily converted into one another by addition of excess of 
base and acid respectively. 

The following basic salts are described : K-H 2 (A"') 3 ,6H 2 0, crystal- 
lising in needles varying in colour from old rose to blackish-brown, 
according to thickness. This salt is prepared by pouring a cold 
solution of NH 4 *H S (A") 2 into excess of potassium carbonate solution. 
Ra 7 H^(A'") 3 ,6H 2 0 and 9H 2 0, reddish-brown clusters of needles 
or rectangular plates, is obtained by precipitation with alcohol. 
T1 21 (NH 4 ) 7 H S (A / ") 12 and Tl,H i (A"') 3 ,4JH 2 0, dark brown crystals, are 
very slightly soluble. Ba 7 H 4 (A"') 6 ,Aq is a greenish-brown, amorphous 
precipitate, turning pure green on exposure to air and slowly 
depositing barium sulphate. 

■The salts of the acid H 2 A* are all soluble in water, but less soluble 
in presence of alcohol, ether, or another salt of the same metal. The 
following were prepared by a variety of methods from the corre- 
sponding ammonium salts : K S NH 4 H.,(A") 6 ,3H 2 0, green to black 
neldles according to size. K 4 H 2 (A") 3 , i UI 2 0, needles. 

K 5 H(A''') 3 ,3H 2 O f 

hexagonal or octahedral crystals. K 2 (A"),H 2 0, opaque, square 
crystals, very dark green ; their solution is alkaline, and of an impure 
green colour. K 2 H 4 (A") 3 ,6H 2 0, tetrahedra, stable only in strong 
acids. Na 8 # NH 4 *H 3 (A") 6 ,l8H 2 O l very soluble black crystals, almost 
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rectangular. TJ 7 (Nfl 4 ) 2 H g (A") Q to Tl 7 H fi (A") G ,6H 2 0, a mixture con- 
of small, greeu needles, only slightly soluble in water. 

’ Ba 2 H 2 (A") 3 , 1 2H 2 0, 

r-rvstallisiug in long, green needles or black, rectangular crystals, 

} ' Ba(NH 4 ) 2 (A'%2H 2 0, 

small, opaque, black tetrahedra. R. J. C. 

Osmium. Alexander Gutbier and K. Maisch ( Ber. } 1909, 42, 

4239 4243). — In preparation for a revision of the atomic weight of 

osmium, f the authors have submitted the osmichlorides to a systematic 
investigation. Sodium osmichloride was first prepared by heating a 
mixture of sodium chloride and osmium in a current of chlorine. If 
the osmium is in the form of granules, the reaction takes place 
extremely slowly, but when the metal is in a finely divided condition, 
the reaction is complete in about half-an-hour at a red heat. The 
sintered mass which is thus obtained was dissolved in cold dilute 
hydrochloric acid, the solution filtered, and the filtrate saturated with 
hydrogen chloride to precipitate any sodium chloride present. After 
further filtration, the sodium osmichloride was obtained by careful 
evaporation of the filtrate ; this salt could not, however, be prepared 
in a quite pure condition. It was therefore used to prepare the 
osmichlorides of ammonium, potassium, rubidium, and caesium by 
double decomposition with the chlorides of these metals. All these 
compounds are much less soluble than sodium osmichloride, and, after 
recrystallisation from dilute hydrochloric acid, they are obtained as 
dark-coloured, well-defined, octahedral crystals which are stable in 
dry air; on being powdered they each give a bright red powder. 
They are soluble in cold water, but the solutions decompose on 
exposure to the air, after a time depositing a black powder. They 
are easily soluble in dilute hydrochloric acid, giving stable solutions. 

With the exception of the sodium salt, all these compounds are 
anhydrous. ^ 


Mineralogical Chemistry. 


The Need for a Systematic Study of Opticdly 
Petroleums. Michael Rakusin (Ber. } 1909, 42, 4675 46 <8. 

Compare Abstr., 1909, ii, 24G, 490, 586).— Mainly polemical. A 
reply to TJbbelohde (Abstr., 1909, ii, 899). 

Selenium in Altai Minerals. P. . P. PiLffEHKO (Bull. 

St. PHtrtbourg, 1909, 1113— 1115).— Two samples of galena from the 
Altai mountains were found to have the following compositions: 


I. 

II . 


1*17 

1-23 


S. 

12-60 

T3*40 


Pb. 

82-28 

S3-72 


Cu. 

1*28 

0-34 


0-48 

0-47 


SiOg. 

2*02 

0-48 


Total. 

99-83 

99-64 
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The mean composition, given by two analyses, of a sample of g r6 y 
copper fiom a mine in the Altai district is as follows : 

Se. S. Sb'. As. Cu. Ag. Fe. Co. Zn. SiO ? Total. 

0*13 2448 25*71 1*68 39T6 trace 2 00 0*23 4*87 0*95 99*21 

A number of other Altai minerals, and also the sulphide compounds 
of the Mineralogical Museum of Tomsk University, were examin^ 
but the above specimens were the only ones containing selenium, 

T. H. P. 

A Pitchblende probably occurring in New South Wales. 
T. H. Laby (J. Roy. Roc. New South Wales , 1909, 43, 28 — 33). — The 
author has examined a pitchblende which was probably obtained from 
the New England district of New South Wales, although the exact 
locality is unknown. Analysis of the mineral gave : 

hisol- H.,0 

U0 3 . U0 2 . PbO. Mn ;i 0 4 . Fe 2 0 3 . CaO. Bb0 3 . CuO. Aso0 3 . MgO. SiU 2 . uble. (130 s ). 
69*0 8*8 6*0 4*2 27 * 3*7 0*4 0*1 truce trace 0*1 2*4 0*69 

The powdered mineral has D 2 * 7*65, Its radioactivity is 4*4 times 
that which would result from the amount of uranium present. The 
absence of rare earths, the presence of CuO, Br 2 O s , and As 2 0 3 , the 
large proportion of U0 3 , and the massive and non-crystalline form of 
the mineral indicate that it is probably a secondary pitchblende. 

H. M. D. 

Rhodizite in the Pegmatites of Madagascar. Alfred 
Lacboix (Compt. rend. t 1909, 149, 896 — 899). — The author has 
recently noted the presence of the two borates, danburite (Abstr, 
1909, ii, 812) and hambergite (BOgGi^OH), in the pegmatites of 
Madagascar. Tetrahedral crystals, cm. across, of rhodizite have 
now been found embedded in the gem spodumene of a pegmatite-vein at 
Antandrokomby ; the pegmatite is composed also of quartz, microcline, 
albite, red and yellow tourmaline, and a tantalocolumbate, probably 
identical with microlite. The rhodizite crystals are whitish-yellow 
with a tinge of green ; they are pseudo-cubic, with optical anomalies 
similat to those of boracite. Mean refractive index (Na) 1*69, H 8, 
I) 3*305. Analysis by F. Tisani gave : 

K.,0 Loss on 

B 2 0 3 - ALO ;t . GIO. Li,0. { + U,0). Na.,0. SiO, 2 . ignition. Total. 

40*00 30 '50 10*10 7*30 5*90 3*30 1*86 0 45 99 '51 

Deducting silica and the corresponding amount of alumina and 
lithia, present as admixed spodumene, this analysis gives the formula 
6B 2 0 3l 3Al 2 0 3 ,4G10,4(Li,K,Na,H) 2 0. 

Damour's analysis (1882), made on only a small quantity of the 
rare and minute crystals of the Uralian rhodizite, showed no 
glucinum or lithium ; it is remarked, however, that his percentage of 
alumina (41*40) is equal to the sum of the alumina and glucina in the 
above analysis, and a qualitative test now made on a Uralian crystal 
showed the presence of lithia. J- ®* 
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pucherite from West Australia. E. Griffiths (/. Roy. Soc. New 
South Wales, 1908, 42, 251 — 252). — The concentrates from an oxidised 
quartz reef at Niagara, 115 miles north of Kalgoorlie, W. A., have 
been found to contain pucherite in the form of approximately cubical, 
crystalline grains, chrome-yellow in colour, brittle, and with a resinous 
lustre, D 5*7. Analysis gave the following results : Bi 2 0 3 73*77%, 
y q 5 (including trace of P 2 0 5 ) 25*31%, Fe 2 0 3 0*36%, residue insoluble 
i n 2 hydrochloric acid 0*81%. II. M. D. 


Connellite and Chalcophyllite from Bisbee, Arizona. 
Charles Palache and H. E. Meryyin (Amer. J. Sci 1909, [iv], 28, 
537—540). — A single small specimen from the Calumet and Arizona 
m ine at Bisbee consists of groups of radiating needles of dark blue 
connellite together with cuprite, melanochalcite, and chalcophyllite. 
The connellite prisms are terminated by the unit pyramid, and 
measurements gave a :c=* 1 : 1*185 ; refractive indices o> 1*724, c 1*746 ] 
D 3-396. Analysis (by Merwin) on 0 73 gram gave : 


H.,0 H.,0 H.,0 IhO Total (less O 

S0 2 . Cl. CuO. (< 220°). (220 —260"). (260— *300 5 ). (>300°). for Cl). 
8-43 6-37 75*96 0*25 12*06 2*10 1*66 100*41 


This differs somewhat from the only analysis previously made of 
connellite (Penfield, 1890, on only 0 074 gram), and corresponds with 
C u 22 Cl 4 SO 23 ,20H 2 O, or, distributing the water in accordance with the 
temperatures at which it is expelled, 

[CuS0 4 ,3Cu(0II) 2 ,H 2 0],2[CuC1 2 ,Cu(0H) 2 ],14[Cu(0H) ; j]. 

The crystals of chalcophyllite present many points of resemblance 
to spangolite, but they were found to contain copper, aluminium, and 
arsenic. Measurements gave a : c = 1 : 2 671. L. J. B. 


The Earths of Euxenite. Otto Hauser and Fritz Wirth ( Ber 
1909, 42, 4443 — 4447). — Specimens of euxenite from (I) Eitland, 
(II) Aren dal, (III) Sietersdal, (IV) South Carolina, gave the following 
analyses : 


I. 

ChjOj. TfiA- 
29*00 1*01 

TiO., 

24*43 

II. 

30*21 

26*45 

III. 

20*72 

31*45 

IV. 

28*20 9*35 

17*45 

Ce(Sa,Di) a O ;1 . Al 2 O s . 

FeO. 

I. 

2*45 trace 

1*37 

11. 

2*05 — 

1 "89 

III. 

2*58 — 

4*94 

IV. 

6*93 — 

2*04 


SnCk. 

AVOy. 

UO.v 

ThO,,. 

m- 

Oil 

trace 

5*64 

4*60 

27*32 

__ 



5*23 

3*20 

28*47 

0*13 

0 09 

5*49 

3*80 

25*42 

0*07 

0*11 

7*91 

2 04 

Loss on 

22*01 

CaO. 

MgO. 

rbo. 

ignition. 

Total. 

0*$5 

0*0S 

0*43 

2*87 

100*16 

0*97 


— 

2*01 

100*64* 

0*66 

0*14 

0*46 

3 88 

99*76 



0*96 

2*21 

99*28 


Of these, I and II are typical euxenites, III is to be regarded rather 
as a polycrase, whilst IV differs from both in containing an unusually 
large quantity of tantalic acid and a relatively small quantity of 
titanic acid. . 

Of the yttrium group, yttrium is always in excess. With increasing 



ii. 48 


ABSTRACTS OF CHEMICAL TAPERS. 


titanium, holmium and dysprosium increase relatively to neo-erbium 
The components of ytterbium are abundant, and scandium occurs 
especially in polycrase, where it attains 0TT6%. Samarium and 
praseodymium are absent from normal euxenites, but samarium 
found with increasing tantalic acid. Zirconium could not be detected 
in any of the specimens. C. H. D. 

Bertrandite from Altai. P. P. Pilipenko (Bull. Acad. Sci. St 
Petersbourg , 1909, 1116 — 1118). — The author describes crystals 
of bertrandite occurring in the aquamarine deposits of the Altai 
mountains. The crystals have a glassy lustre, are mostly colourless 1 
and transparent, and form either long plates or prisms elongated 
along the % axis ; I) 15-0 2’603, hardness 6. Their composition is as 
follows : 

SiO,. Al g 0 3 . Fe 2 0 ;i . CaO, GIO. H a O. Total. 

60 '12 trace trace trace 40 ’67 8 '87 99*S6 

This bertrandite is formed as a result of the weathering of beryl, and 
itself. undergoes further change. T. H. P. 

* Sardinian Minerals : Species from the Province of Sassari, 
Auregio Berra (Alii R . Amid. Lined , 1909, [v], 18, ii, 348—350. 
Compare Abstr., 1909, ii, 492, 494). — A sample of heulandite, in 
which the angle 110 : 1 TO had a value of about 47°, was found to have 
the composition : 

Si0 2 . A1 2 O s . CaO. MgO. N:i,0. K.,0. H,0. Total. 

61 12 15*61 6*04 0*53 2*23 0*94 14*32 100*79 

corresponding with the formula (Ca,Mg,Na, K)0,Al 2 0 s ,Si0 2 ,5H 2 0. As 
typical heulandite contains SiO.,, 59*2; Al.,0 3 , 16*8; CaO, 9‘2,audH 2 0, 
14*8%, the abnormal value of the angle 110:110 depends on the 
variations in chemical composition. 

A sample of mesolite from “ Su Marralzu ” gave on analysis : 

SiO s . A1A- CaO. MgO. NsuO. K 2 0. H.,0. Total. 

50*85 21-95 12-02 0 08 172 trace 14i61 101 ’23 

and a sample of Smithsonite from the Bos Enattos (Lula) mines: 

ZnO. PeO. CaO. C0. 2 . Total. 

62*60 1*22 1*53 35*77 101T2 

T. H. P. 

Lujaurites from Pilandsberg (Transvaal). H. A. Brouwer 
(i Qompi . rend., 1909, 149, 1006 — 1008). — The analyses of two different 
kinds of lujaurite from the Transvaal are given. The one (I) is very 
similar to lujaurite from the Kola peninsula (Lapland), whilst the other 
(II) is rich in segyrine and eudialyte : 



Si0 2 . 

TiO., Zr0. 2 . 

Al s O ;{ . 

FeA 

PeO. 

MnO. CaO. 

I. 

52-35 

0*59 0*39 

14 '1 1 

7-98 

2-17 

t}*62 4-65 

n. 

51-35 

275 0*54 

11-45 

9-40 

, 2-41 

1-25 3-27 


MgO. 

k 2 o. 

Na.p. 

co 2 . 

H a O. 

Total. 

n.. 

' 0-66 

278 

9-30 

1*50 

3 20 

100-30 


11. 0-54 

2*52 

10-80 

— 

3-20 

99-48 
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As compared with other lujaurites, these are rich in lime, because 
of the . ^rwence 'of calcitc.^The decrease in- Al 2 O s and ^crease of 
Fe 2 O g ii^(Jp).®^ m pAr e d with (I) is due to the former" being rich 
inffigyrine^^/';-.-' * •* T. S. P. 

Rhonite from Pay de Barneire at Saint-Sandoux. Alfred 
Lacroix (Bull* Soc. frany. Min., 1909, 32, 325 — 331. Compare 
Abstr., 1907, ii> 972 j 1909, ii, 587).— Large, black crystals with 
a brilliant greasy to metallic lustre are present in a doleritic 
nephelinite at this locality. Under the microscope these resemble the 
rhbnite of the Rhon mountains, but owing to the depth of colour and 
intense pleochroism, their optical characters could not be completely 
determined ; D 3*56. The following analysis by F. Risani gives 
the formula : (Na,K,H) 2 Ca 8 (Fe,Mg) 15 (Al,Fe) 16 (Si,Ti) 21 O 90 . 

Si0 2 . Ti0 2 . A1A. Fe 2 0 3 . FeO. MgO. CaO. Na 2 0. K s O. H 2 0. Total. 

30-90 8*04 17*65 6'80 15*20 9*08 12*20 0*76 0*61 0*20 100*64 

L. J. S. 

Deposits from the Mineral Water of the Rohitsch Springs, 
Styria. Hans Leitmeier (Zeitxch. Kryst. Min., 1909, 47, 10 1 — 123). 

The waters of the springs at Rohitsch contain carbon dioxide with 

considerable amounts of magnesium carbonate, sodium sulphate and 
carbonate, and much less calcium carbonate, etc. Fine crystal groups 
of aragonite have been deposited naturally by these waters, and 
quartz crystals, J cm. in length, are also noted. The mineral 
water was allowed to evaporate slowly in the air at temperatures of 
2°, 13°, and 20°. At the two higher temperatures, acicular, rhombic, 
crystals of MgC0 3 ,3H 2 0 (anal. I), identical with tko mineral nesque- 
honite, were formed after some days ; and later there was a deposit of 
indistinct crystals of aragonite. When, however, the evaporation 
took place at the lower temperature (2°) there was, after one-and- 
a-half months, a deposit of large, tabular, monoclinic crystals of the 
pentahydrate, MgC0 3 ,5H 2 0 (anal. II). This salt is not formed at 
5 temperatures above 6°. It commences to lose water in the air at 
20°, and at 60°, four-fifths is lost; at 100° the loss is 44*68%, and at 
300°, 51*69%. These crystals have the same geometrical constants 
| ? [a : & : c = 1*6079 : 1 r 0 9524 ; 

las the mineral lansfordite (3MgC0g,Mg(0H) 2 t21H 2 0), and a3 the 
I supposed tetrahydrate of magnesium carbonate described by 
I Marignac. These three thus appear to be identical, the analyses of 
I the last two having been made on partly dehydrated material : 

CaO. C0 2 . H 2 0. Total. Sp. gr 

_ [31*09] 40 03 99 64 1*854 

trace 25*21 51*69 100*08 1*688 

L. J. S, 


MgO. 
I. 28 o2 
II. 23*18 


VOL. XCVIIt. ii. 
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Physiological Chemistry. 


Asphyxia in the Spinal Animal. R. Kata and Ernest H. 
Starling {J. Physiol 1909, 39, 346 — 353). — In asphyxia the 
increased tension of carbon dioxide in the blood excites the brain 
centres, including those in the bulb ; this produces exaggerated 
attempts to breathe, and a rise of arterial pressure, but no injurious 
action on the heart. The convulsions which follow are due to excit- 
ation of the spinal centres by lack of oxygen, and the heart failure, 
which leads to a fall of pressure, is also due to the same cause. 

, W. D. H. 

Supposed Presence of Carbon Monoxide in Normal Blood 
and in the Blood of Animals Anaesthetised with Chloroform. 
George A. Buckmaster and John A. Gardner ( Proc . Hoy. Soc. t 1909, 

B 81, 515 528). — For detecting carbon monoxide, the authors use 

the spectroscopic test and the admittedly delicate method of Haldane. 
Carbon monoxide is not a normal constituent of blood-gases. Chloro- 
form is not decomposed in the blood with the formation of carbon 
monoxide. Chloroform vapour contained in the blood -gases of 
anaesthetised animals yields carbon monoxide when these gases are 
passed over potash. The small quantities of iodine found in Desg m 
and Niclaux’s experiments, in which the normal blood gases are parsed 
over iodine pentoxide at 150°, are probably due to the decomposition 
of this substance at this temperature. k. liV. 

Comparison of the Haemoglobin of certain Molluscs with 
that of Vertebrates. Raffakle Pa lam no (Biochem. Zeitsch , , 1009, 
22, 495 — 505). — The haemoglobin from various molluscs was compared 
with that obtained from Scyllium and the dog. It did not differ 
essentially from these, although certain minor differences were 
observed \ the mollusc blood, for example, is more readily changed by 
10% acetic acid, and less readily by 10% sodium hydroxide solution ; it 
is also more difficult to obtain in crystalline form. S. B. S. 

Effect of Temperature on the Dissociation Curve of Blood. 
Joseph Bakckoft and W. O. R. King ( J Physiol ., 1909, 39, 3i4 384), 

Dissociation curves of undialysed haemoglobin solution in water are 

given at different temperatures in the presence and absence of carbon 
dioxide ; in a solution of potassium chloride, the presence of carbon 
dioxide is relatively more powerful in the reduction of haemoglobin 
than in the removal of oxygen. In low forms of animal life, in which 
haemoglobin is retained in store in muscles or nervous tissue, the 
oxygen can be withdrawn in case of need, for instance, in partm 
asphyxia or great activity ; a favourable condition for the ready with- 
drawal of oxygen would be rise of temperature or rise of carbon 
dioxide tension. The influence of temperature is evident also m 0 
blood. In muscular exercise, with its accompanying rise of tempera- 
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ture* in fever, and in inflammation, the organism, or part of it, requires 
oS ygen at a more rapid rate than usual \ the rise of body-temperature 
enables the bloody to meet this demand, and is, in fact, the counterpart 
0 f vascular dilatation. W. D. H. 

Haemolysis. Oscar Geos (Arch. exp. Path. Pharm ., 1909, 02, 
1— 38).— ’Haemolysis is due to two factors : (1) the death of the 
corpuscles ; (2) to physico-chemical changes which lead to the passage 
of haemoglobin out of them. The second factor can be best studied 
if the changes occur rapidly, as when caused by ammonia. The 
velocity of the change is then proportional to the concentration of 
the ammonia, and inversely proportional to the concentration of the 
blood. Various salts were studied in the same way at different 
temperatures. Various ions favour hemolysis at 47 '5° in the following 
order: Na<Mg<K<Ca; Cl<S0 4 ; and at 50°, Mg<Na<K<Ca ; 
C1<S0 4 . The inhibitory action of serum on haemolysis is nob 
destroyed by heating to 65°. W. D. H. 

The Disintegration and Life of Blood-platelets. H. Deetjen 
( Zeitsch . physiol. Chem 1909, 63. 1 — 26). — Blood-platelets from 
human blood can be isolated by collecting the blood between the 
object glass and cover slip, and washing with physiological saline. 
In this way the other elements can be removed \ the platelets alone 
remain sticking to the glass. They rapidly disintegrate under 
ordinary conditions, but remain, however, intact if quartz is used 
instead of glass, and the saline solution is perfectly neutral. In the 
presence of minute braces of alkali (C OH = 10“ 5 ) and of somewhat 
larger quantities of acid (C H = 2*10- 4 ) they disintegrate. The action 
of the hydroxyl ions is indirect ; they either influence a ferment or 
cause the liberation of a ferment which causes the disintegration of 
the platelets. This statement is made in consequence of the fact that 
even in the presence of alkali the platelets can under certain con- 
ditions remain intact. Thus, they are protected from disintegration 
by the presence of hirudin, manganese salts, Witte’s peptone, and 
peroxides. From the investigations with hirudin, the conclusion is 
drawn that the platelets themselves secrete an enzyme, which leads 
finally to their destruction. The platelets after treatment with 
hirudin are not disintegrated by alkali, although they are by plasma. 
The destroying ferment is not identical with the blood-clotting 
ferment, although it is possibly with the pro-ferment. Manganese 
salts do not entirely inhibit the disintegration, but only retard it j on the 
other hand, they inhibit blood-clottings, owing perhaps to action on the 
pro-ferment. Witte's peptone paralyses the platelets, and thus inhibits 
the secretion of the ferment. Peroxides entirely inhibit the disintegration 
of the isolated ferments. The explanation of this fact is not obvious. 
By means of the peroxide method, the action of the living platelets 
can be demonstrated. The presence of a nucleus, nuclear membrane, 
and amoeboid movement can then be shown. The disintegration of 
the platelets after removal from the blood-vessels is due to the 
evolution of carbon dioxide and the increased concentration of the 

4—2 
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hydroxyl ions. The platelets from other animals are not all identi ca j 
with those from man ; those from the ape^are very similar. 

S. B, S. 

* Speotro-photometry of Blood. Eugen Letsche ( Zeitsch . physiol, 
Chem.f 1909, 63, 313— 314).— Remarks on the usefulness of Hiifner’s 
spect-ro-photometer. In spite of its faults, it gives good results in 
accustomed hands. W. I). H. 

.Influence of Stereochemical Configuration on Certain 
Physico chemical Properties of Organic Colloids. Giuseppe 
Buglia and L. Karczag (Atli R. Accctd . Lincei , 1909, [v], 18, ii 
374 — 380). — The authors have determined the influence of d- f 
and r-tartarie acids in various concentrations on the time of coagula- 
tion by heating of normal blood-serum and of blood-serum dialysed 
until it has become neutral. 

All these acids have a marked influence on the coagulation, at first 
accelerating it, and subsequently retarding, and even absolutely 
preventing, it. z-Tartaric acid, which is dissociated to a less extent 
than the other acids, also produces less acceleration of the coagulation, 
and renders the serum non-coagulable in lower concentrations than 
with the active and racemic acids. With these three acids, which are 
approximately equally dissociated, the influences on the coagulation 
are about the same. T. H. P. 

The Laws of Digestion and Absorption. Svante Arrhenius 
( Zeitsch . physiol. Chem., 1909, 03, 323 — 3T7). — A mathematical discus- 
sion of the laws relating to the velocity, etc., of digestive processes. The 
rule of the square root appears to play a dominating part. London’s 
work on the subject is on the whole corroborated. W. D. H. 

The Enzymes concerned in Nuclein Metabolism in Human 
Organs. Alfred Sciiitten ii elm. The Fate of Nucleic Acid 
contained in the Food of Normal Men. Franz Frank and Alfred 
Schittenhfj-m. The Occurrence and Importance of Allantoin 
in Human Urine, Alfred Sciuttbnhelm and Karl Wiener. The 
Enzymes Concerned in Nuclein Metabolism in Lupin Seed- 
lings. Alfred Sen ittex helm ( Zeitsch . physiol. Chew., 1909, 63, 
248—268, 269 — 282, 283—288, 289). — The capacity of the human 
liver and other organs to form uric acid is undoubted, and can be 
readily demonstrated in extracts by their action on guanine. Com- 
menting on W. Jones’ statement regarding the absence of adenase in 
human ^organs, it is pointed out that unquestionably adenine dis- 
appears during life, the urine containing only traces after abundant 
ingestion of that substance when sweetbread is taken as fond. It is 
therefore doubtful whether the action of extracts is a true index o 
*>jd metabolism ; if an extract gives a positive result, it is no doubt 
ox vhe same nature as that occurring during life ; but if ft negative 
*-■ occur, that does not necessarily meau that a positive result 
-- t occur during actual metabolism in the living organ. It lB 
of fci j rue, again, that extracts of human organs contain no uricolytic 
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enzyme, that is to say, destruction of uric acid does not occur post- 
jjjorterb ; it is unscianjpo £o conclude from this, 't)iat. uricolysis does 

not occur during life. ' * 

Both in animals and men, nucleic acid given in the food is completely 
absorbed and undergoes metabolism, and the end-products are excreted 
during the same day. This comes out quite clearly by a study of 
nitrogen and phosphorus excretion. The proportion between the 
different end-products varies in different animals; in man, the main 
one is urea, the uric acid formed is small in amount, and the purine 
bases of the urine are minimal. The uric acid formed is doubtless 
again largely destroyed, and the nitrogen finally is contained in urea. 

The meaning of allantoin in the urine is far from clear; if uric 
acid precursors are administered, the amount of allantoin does not 
increase in the urine. If allantoin is given by the mouth or sub- 
cutaneously, about 30% is recoverable in the urine. It cannot there- 
fore be an important end-product of uric acid catabolism. 

The expressed juice, or aqueous extracts of lupin seedlings, contain 
an amidase which converts guanine into xanthine. W. D. H. 

The Elimination of Total Nitrogen, Urea, and Ammonia 
fallowing the Administration of Amino acids, Giycylglycine, 
and Giycylglycine Anhydride. Pjhebus A. Levene and G. M. 
Meyer ( Amer . J. Physiol. , 1009, 25, 214 — 230). — The results of these 
metabolism experiments on dogs are given with full detail ; the extra 
nitrogen administered is usually excreted within twenty-four hours, 
but this rate varies, and the proportion of urea, ammonia, etc., also 
varies in different cases. It is specially rapid after the ingestion 
of amino-acids. W. D. II. 


The Influence of Removal of Segments of the Gastro- 
intestinal Tract on the Character of Protein Metabolism. 
Isaac Levin, D. D. M anson, and Phcebus A. Levene (Amtr. J. 
Physiol , 1909, 25, 231 — 253).-r-After excision of portions of the 
alimentary canal, an unexpected acceleration in the absorption and 
elimination of nitrogen is the most noteworthy result. W. D. H. 


The Influence of Certain Mercury Compounds on Meta- 
bolism. Guido Izau (Piockem. Zeitsch 1909, 22, 371 — 393).— 
Mercury when introduced directly into the circulation, either in 
form of a hydrosol or of salts, markedly stimulates the nitrogenous 
metabolism, and the amount of nitrogen in the urine is considerably 
increased. Larger doses, however, of sublimate, calomel, hygrol, and 
mercuric thiosulphate are necessary to produce the same effect as a 
given dose of the hydrosol. There is no difference between the actions 
of stabilised and n on-stabilised colloids. The increase of urea and 
uric acid in the urine runs parallel with the increase in total nitrogen. 

1 S. B. a 


[The Permeability of Cells for Dyes.] W. Ruhland (. Biochem . 
Zeitsch ., 1909, 22 409— 410).— The author objects to the attempted 
explanation of Hbber (Abstr., 1909, ii, 912) of the reason why wool- 



ii. 54 


ABSTRACTS OF CHEMICAL PAPERS. 


violet-S and other dyes do not behave in accordance with the Overton 
lipoid theory. S. B, S. 

Nucleo-protein in the Yolk Platelets of the Frog’s Egg- 
and the Black Pigment. J. E. McClendon (Amer. J. Phy m \\ 
1909, 25, 195 — 198).— The nucleo-protein investigated is probably 
more properly to be considered a lecitho-protein or vitellin-like 
substance. It is termed batrachiolin ; it contains P 1*2%, S 1 '32% t 
and N 15T4%. Analyses are also given of the black pigment which 
appears to belong to the melanins, but it was nob satisfactorily 
freed from impurities. W. D. H. 

The Catalase of Echinoderm Eggs before and after 
Fertilisation. Eltas P. Lyon (Amer. J. Physiol 1909, 25, 
199—203). — If the eggs are treated with hydrogen peroxide, mucli 
more oxygen is set free by eggs which have been fertilised than by 
unfertilised eggs. The maximum is reached in twenty minutes after 
fertilisation. The increase in catalase is due either to a kinase in the 
sperm cell, or by an increase in the permeability of the egg, so that 
peroxide and catalase come more easily together. W. D. H. 

[Analyses of Brains. Distribution of Sulphur in Brains.] 
Waldemar Koch (J. Amer. Ckeni. Soc ., 1909, 31, 1329 — 1335). 
Waldemau Koch and Fred. \V. Upson (ibid., 1355 — 1364)— See this 
vol., ii, 78, 79. 

The Action of Certain Salts on Frogs’ Motor Nerves. G. 
Liljestrand" (Skand. Archiv. Physiol J, 19 09, 22, 339 — 348).— 
Magnesium sulphate and chloride paralyse the motor nerves of the frog, 
but this occurs late and is preceded by a stimulating action. Weak solu- 
tions are not stimulating. Sodium chloride has a similar action. Zinc 
chloride acts in the same way, but much more strongly. W. D. H. 

Influence of Different Substances on the Gaseous Exchange 
of the Surviving Muscular Tissue of Frogs. I. and II. Torsten 
Taunberg (Skand. Archiv. Physiol 1909, 22, 406 — 429, 430 436).— 
I. The measurements were made by means of the author s micro- 
respirometer, generally in an atmosphere of oxygen. In the intact 
muscular tissue, the gaseous exchange is less than that of muscular tissue 
which has been cut by scissors ; it is greater, however, than in muscular 
tissue which has been ground up with sand, so as to destroy the cell 
structure. Previous extraction of the tissue with physiological 
saline caused a marked diminution of the gaseous exchange ; with 
isotonic neutral potassium phosphate, the diminution was less. The 
maximum of gaseous exchange takes place in isotonic saline ; increase 
in the salt concentration causes a rapid diminution. There is not 
much difference in the gaseous exchange when the measurement is 
made after treatment with solutions of chlorides of the different 
alkali metals ; the chlorides of the alkaline earths, on the other hand, 
cause considerable diminution. The action of the potassium halide 
salts is similar, with the exception of the fluoride, which causes a 
marked diminution in the gaseous exchange. 
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II. Oxalic, malonic, and succinic acids in the form of their potassium 
salts affect the gaseous exchange, considerably diminishing more 
especially the carbon dioxide output. The respiratory quotient is con- 
sequently affected by these salts. Other acids investigated do not 
affect the respiratory quotient in this manner. S. g, & 

The Formation of Carbon Dioxide in Surviving Tissues. 

Olav Hanssen (Biochem. Zeitsch., 1909, 22, 433— 441).— The author 
gives a method for estimating the carbon dioxide evolved by surviving 
tissues (chiefly liver) when suspended in physiological saline at 37"! 
The influence of antiseptics and other substances on the action was 
determined. Certain substances, such as sodium j3*hydroxybutyrate, 
caused increased carbon dioxide output. Sodium lactate caused a 
slight increase. Most other sodium and ammonium salts had but 
little action \ sodium glycollats, however, inhibited the output. 

S. B. S. 

Water Rigor in Frog’s Muscle. Edward B. Meigs (J. Physiol, 
1909, 39, 385—390), — The statement of du Bois Reymond, that in 
water rigor of frog’s muscle, as in other forms of rigor, sarcolactic acid 
is formed, was confirmed by the thiophen test. If tho muscle is then 
placed in Ringer’s solution, it loses acid and lengthens. This is 
regarded as a confirmation of the view that the acid is the cause, not 
the result or accompaniment, of the shortening. W. D. H. 

Action of Cinchona Alkaloids on Muscle. Victor H. 
Yeley and Augustus D. Waller (Proc. physiol Boc. } 1909, xix— xxi; 
J. Physiol , 39), — The relative toxicity of poisons can be well studied 
by their effect on the direct excitability of the frog’s sartorins. In 
the case of the alkaloids examined, the figures obtained are : cinchou- 
amine 400, quinine 100, quinidine 50, cinchonine and cinchooidine 25. 
These figures agree very well with what would have been anticipated 
from physicochemical data. W. D. H. 

Extractives of Fish Muscle. Friedrich Iyutscher ( Zeitsch . 
physiol Chem 1909, 63, 104 — 105). — A reply to Suzuki and 
Yoshimura (Abstr., 1909,* ii, 910). — The base, C 5 H n O<,N, isolated 
from Ommastrephes sp., agrees in properties wiiL betaine and not with 
6-aminovalerie acid, as stated by these authors. Furthermore, other 
bases described by them, such as arginine, leuciDe, lysine, and proline, 
have already been isolated in the author's laboratory from extracts of 
sea and land animals. S. B. S. 

The Occurrence of Inactive Lactic Acid in a Meat 
Extract. Ernst Salkowski ( Zeitsch . physiol. Chem 1909, 63, 
237 — 247). — Valentine’s meat juice has a minimal nutritive value. 
Its colour is due to a pigment which was not identified, but is possibly 
a derivative of haemoglobin. When kept, it deposits a crystalline 
precipitate of magnesium salts, among which lactate is present. The 
lactic acid is of the optically inactive kind. The freshly prepared 
juice contains sarcolactic acid, but as time goes on this is converted 
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almost completely into the inactive variety. Attempts to detern * 
the cause of the transformation did not yield any certain results 56 

w. d.h 

The Nucleo-protein of Spleen. ,T. Sato (Biochem. Zeitsch 
22, 489— 494).— The nucleo-protein wag prepared by precipitating tb 1 
hot-water extract of the organ with dilute acetic acid. The amount 
of iron in various preparations varied between 0'15 and 080%. 
metal appears to be contained in the nucleoprotein in two form R 
namely, in a labile form, the part corresponding with which is rcniov 
able from the substance by treatment with sodium carbonate, and a 
more stable form. S, B S 

Chemico-physical Investigations on the Crystalline Leng 
XI. Imbibition of the Lens in Water at Different Tempera- 
tures and in Acids and Alkalis. Filippo Bottazzi and 
Scalinci (AtH R. Accad. Lined, 1909, [v], 18, ii, 327—339. Compare 
Abstr., 1909, ii, 502). — The velocity and total amount of imbibition of 
the crystalline lens in water are greater at high than at low tempera- 
tures. Imbibition in dilute solutions of an acid or an alkali increases 
with the concentration of the solution. In solutions of various acids 
and of sodium hydroxide, imbibition increases in the following order: 
acetic acid, sulphuric acid, water, hydrochloric acid, and sodium hydr- 
oxide. Since, in the concentrations employed, these acids are completely 
dissociated, the sulphuric and acetic anions must exert a specific 
depressing influence on the imbibition, in opposition to the action of 
the hydrogen ions which increase the imbibition. A similar relation 
probably holds with solutions of different bases, the acceleration 
influence of the hydroxyl ions on the imbibition being modified to 
varying extents according to the nature and valency of the cation. 

When immersed in the acid solutions employed, the lens becomes 
opaque, probably owing to the precipitation of the faco-protein, which 
in its natural state is an electro-negative colloid, by the hydrogen 
iorifc. This action is more marked with sulphuric and acetic acids 
than with hydrochloric acid, which seems to be capable of transforming 
the alkaline faco-protein rapidly into acid. T. II. P. 

Chemico-physical Investigations on tbe Crystalline Lens, 
G. Quagliariello ( Atti R. Accad . Lincei, 190y, [v], 18, ii, 3S0 — 383). 
— The author has studied the influence of hydrochloric acid on the 
coagulation of the crystalline lens by the method previously employed 
with sodium hydroxide (Abstr., 1909, ii, 1036). 

The curve of the velocity of coagulation in presence of hydrochloric 
acid is essentially similar to that obtained with sodium hydroxide, the 
^nation in the velocity gradually diminishing as the amount of acid 
is increased ; in. this case, however, the final value of the velocity 
differs far less from the initial value than is the case when sodium 
hydroxide is present. Whilst the latter, up to a certain concentra- 
tion, first increases and then sensibly diminishes the velocity of 
coagulation, hydrochloric acid produces a continuous increase. 

The results indicate that the influence of chemical agents on the 
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velocity of coagulation of^ the crystalline lens i^, a function of the 
superficial area of the lcns^ " : * T. H. P. 

Chemical Investigation of Teeth. II. Th. Gassmann ( Zeitsch . 
'physiol. Chem.y 1909, 03, 397 100. Compare Abstr., 1908, ii, 609). 
_Teeth from prehistoric men (at least 2000 years old) were found to 
be well preserved. They contain 3% more organic substance than 
recent teeth, and less magnesium and phosphoric acid. The percentage 
of calcium, sodium, potassium, chlorine, and carbon dioxide is the same 
as in recent teeth. "W. D. II. 

Inorganic Constituents of Two Egyptian Mummies. Paul 
Haas ( Ckem . News, 1909, 100, 296). — The constituents of the ash 
were as follows : 

CaO. K a O. NtuO. Fc 3 0 3 . A1«0,. CO a . S0 3 . P £ 0 5 . Cl. Si0 2 . 

Mummy A 4'83 1*21 0‘24 0T56 0’13-i 2‘64 1*91 1‘57 0 22 — percent. 

Mummy B 0'90 0‘77 9 '03 0'27 0 90 traces 2 99 0*42 189 5’80 „ 

A hot-water extract of “ A ” had an acid reaction, and the same 

material yielded to ether 9% of extract, which was acid and soluble in 
potassium hydroxide solution. No arsenic, antimony, or mercury was 
present. The high percentage of lime in the ash from “A” may 
indicate that quicklime was added to the coffin in which the body was 
placed. 

Material “ B,” unlike “A,” was moist, and lost 16% of its weight 
when dried at 100°, but the dry material rapidly increased in weight 
on exposure to air. The ether extract amounted to 3'5%. In this 
case the embalming material may have been “natron,” or “ nitrum,” 
a mixture of sodium chloride, sulphate, and carbonate. Alumina has 
not been recorded previously as a constituent of mummy ash. 

T. A H 

Presence of an An^eroxydase and Catalase in Milk. J. 
Sakthou ( Compt . rend., 1909, 149, 809 — 810.* Compare Bordas, 
Abstr., 1909, ii, 505). — The filtrate from milk curdled at 30° gives a 
very distinct reaction with ^;-phenylenediamine, but not with guaiacol 
or hydrogen peroxide. By treating the residue on the filter with water, 
a liquid is obtained which gives distinct colorations with jp-phenylene- 
diamine and guaiacol in presence of oxygen. The casein, after having 
been freed from the anseroxydase by washing, reacts with^-phenylene- 
diamine and hydrogen peroxide, but not with guaiacol. 

The conclusions drawn are that milk contains a soluble anajr- 
oxydase as well as an insoluble catalase, and that the excessive 
sensitiveness of y>phenylenediamine to oxidation should be recognised 
in the study of oxidising ferments. W. O. W. , 

Anseroxydase and Catalase in Milk. Fred. Bordas and 
Tquplain {Compt. rend ., 1909, 149, 1011 — 1012. Compare Abstr., 
1909, ii, 505). — The author considers the experiments of Sarthou 
(preceding abstract) indecisive, since the colorations obtained were 
due to the presence of casein, which is always present in milk filtered 

* aud J. Pharm. Ohim,, 1910, [vii], i, 20 -23. 
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through paper. When fresh or curdled milk is passed through the 
Ohamberland filter, the filtrate gives no coloration with Storch’s 
reagent. There is no evidence, therefore, of the presence oF a soluble 
anseroxydase or insoluble catalase in cows 1 milk. W. 0. W, 

Can the Radium Emanations taken up by Drinking be 
Detected in the Urine ? Walther Laquer (Ckem. Zentr 1909, § 
854 ; from Zeitsch. expt. Path. Tker ., 1909, 6, 868 — 878). — -By the 
method employed, emanations of less than 20,000. units cannot be 
detected in urine. The quantity of emanation in urine increases with 
the quantity in the water drunk. All the values found must be 
multiplied by 2. The urine voided in the first half hour contains only 
three quarters to four-fifths of the total excreted in the urine. The 
ratio of the quantity of emanation excreted to that ingested is about 
1 : 4000. S. B. S. 

The Origin of Ethereal Sulphates in the Organism. T. Sato 
(Zeitsch. physiol. Chem 1909, 63, 378— 396).— Rabbits were treated 
with phenol added to their diet (cabbage), and certain sulphur com- 
pounds also added. The nitrogen and sulphur (in various combina- 
tions) were estimated in tho urine. Isethionic acid only slightly raises 
the output of ethereal sulphates, and has no effect on nitrogen. It 
appears to be rapidly excreted. Cystine raises the total sulphates, 
and the amount of ethereal sulphate is parallel to this. Albuinose 
prepared from egg-albumin has no action. Sulphidal (a colloidal 
sulphur preparation) enormously increases both total and ethereal 
sulphate excretion. Thiocarbamide is largely excreted as such ; the 
effect on the excretion of sulphates is doubtful ; the urine does not 
show the reactions of thiosulphuric acid. W. I). H. 


The Origin and Destiny of Cholesterol in the Animal 
Organism. VI. The Excretion of Cholesterol by the Cat. 
G W. Ellis and John A. Gardner ( Proc . Roy. Soc., 1909, A, 81, 
505—515. Compare Abstr., 1909, ii, 595).— The tendency for the 
change of cholesterol of food to coprosterol in fseces appears to 
be greater in cats than in dogs. In experiments with two cats on a 
diet of sheeps brain, coprosterol free from cholesterol was recovered; 
on a meat diet the change was not complete ; on vegetable diet and ob 
an artificial diet, as free as possible from cholesterol or phytosterol, 
no fajoal coprosterol was found. A discussion of the part played by 
the cholesterols in the animal economy follows. G. S. w. 


The Biological Significance of Lecithin. IV. The Blood- 
Content of Phosphorus and Iron in Lipoid Form in Cases 
of Polycythmmia rubra megalosplenica. W. Glikin (A wc/m 
Zeitsch., 1909, 22, 461—463, Compare Abstr., 1909, ii, 1038) -m 
lecithin content was found to be about 5 grams per 1000 c.c in cutf 
of this disease as compared with 2 to 3 grams per 1000 as foun y 
Abderhalden in the blood of mammals normally. The phosphorus an 
total iron were also large as compared with that found in norm 
cases. 
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The Detection of Phosphorus and Hypophosphorous Acids 
in Org'ans after Phosphorus Poisoning. II. Richard Ehrenfeld 
and Wilhelm Kulka [Zeitsch. physiol. Chem 1909, 63, 315—322. 
Compare Abstr., 1909, ii, 345). — Further investigations showed that 
during putrefactive processes the phosphorus is, in part, rapidly 
converted into phosphorous and hypophosphorous acids, but after this 
the change progresses but little. The experiments recorded further 
indicate that the normal phosphorised constituents of the body do not 
give rise to the acids mentioned. W. D. H. 

tZ-Suprarenine (d-Adrenaline). N. Waterman (Zeitsch. physiol. 
Chem., 1909, 63,290 — 294). — Previous work on the superior physio- 
logical activity of /-adrenaline is confirmed ; so also is Abderhalden’s 
work on so-called adrenaline immunity. Administration of the 
(/-compound increases the resistance of mice towards the /-variety. 

" W. D. 'H. 


The Antagonism between Adrenaline and the Chlorides of 
the Alkaline Earths and of Potassium. Theodor Frankl ( Pfliigers 
Archiv, 1909, 130, 346 — 352). — The action of adrenaline in stimulat- 
ing sympathetic nerve-endings is antagonised by the chlorides 
mentioned in the title, of which the strongest is barium chloride. 
Sodium chloride has no such action. W. D. H. 


Mode of Action of Nicotine and Curare, determined by the 
Form of the Contraction Curve and the Method of Tempera- 
ture-coefficients. A. V. Hill {/. Physiol 1909, 39, 361—373). 

From a mathematical consideration of the curves of contraction 

and relaxation of muscles under the influence of curare and nicotine 
at different temperatures, the conclusion is drawn that there is a 
combination between the drug and some constituent of the muscle. 
Evidence is also adduced for the existence of two or more types of 
fibres (or contractions) in the muscle selected for experiment, the 
rectus abdominis of the frog. W. D. H. 


Relative Toxicity of Various Salts and Acids towards 
Paramoecium. Lorande Loss Woodruff and Herbert Horace 
Bunzel (Amer. J. Physio 7 ., 1909, 25, 190— 194).— The experiments 
with some exceptions indicate a marked parallelism between the order 
of toxicity of various cations and their ionic potential. The high 
migration velocity of hydrogen ions will explain their unexpectedly 
high toxicity. Specific affinities of the living cell for certain ions will 
explain other exceptional cases, for instance, the low toxicity of 
copper. W.D. H. 
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CliBnuatry of Vegetable Physiology and Agriculture, 


The Degradation by Bacteria of the Ultimate Hydroly 8 i a 
Products of Proteins. Waltiier Brasch ( Biochem . Zeilsch ., 1909 
22, 403 — 406). — The degradation of various amino-acids by Bacilli 
putrificus and by mixed putrefying bacteria was investigated 
Aspartic acid yields with mixed cultures propionic acid as chief 
product, together with small quantities of succinic acid. The pure 
culture gave the same products, together with small quantities of 
formic acid. Serine yielded both with pure and mixed cultures 
propionic acid with small quantities of formic acid. Tyrosine yielded 
with the pure culture ^-hydroxy phenyl propionic acid. Glycine with 
the pure culture yielded acetic acid, alanine yielded propionic acid, 
and aminobutyric acid yielded butyric acid. S. B. S. 

Accumulation of Nitrogen in Soils by Free Bacteria. A weed 
Koch (J. Landw ., 1909, 57, 269 — 286. Compare Abstr., 1908, ii, 56). 
— A continuation of the experiments made in 1905 and 1906 (loc. cif.) 
on the effect of sugar on fixation of nitrogen by Azotohactir . Tho 
results show a considerable after-effect, increased yields of buckwheat, 
oats, and wheat being obtained in 1907, 1908, and 1909, and that the 
increased yields diminish regularly each year. 

Experiments with sand inoculated with soil showed a gain of 
7*2 mg. N per 100 grams in four months when sugar was added : 
and vegetation experiments with buckwheat grown in sand showed a 
very greatly increased production of dry matter (98 *1 grams) in 
presence of sugar as compared with the amount obtained without 
sugar (23'7 grams), whilst the amounts of nitrogen in the produce 
were 409 and 54 mg. respectively. 

Further experiments in plots (i square metre) with wheat, rye, and 
oats (in 1907, 1908, and 1909) showed that the nitrogen fixed in the 
first year was only utilised to a slight extent, whilst the yields were 
considerably increased in the second and third years. 

Tjie examination of fifteen different soils showed that Azotobacter 
was present in seven of them, whilst eight gave negative results. The 
latter included three light, sandy soils, peaty, light and heavy soils, 
and soil from a pine wood. Addition of sugar to three of these soils 
failed to produce an increase in the nitrogen content, 

.Experiments are described in which mannitol, dextrose, calcium 
succinate, glycerol, calcium butyrate (10 grams each), and xjlau 
(5 grams) were added to soil (500 grams) which was kept for a month 
at 25°. The soil with mannitol and with dextrose gained 12*3 and 
6 9 mg. nitrogen per 100 grams respectively, whilst the others lost 
nitrogen (0*8 to 5*3 mg;). N. H. J. M. 

Production of Citric Acid by Citromyces. Pierre Maze (Am. 
Inst. Pasteur , 1909, 23, 830— 833).— Citric acid is produced, not only 
when there is a deficiency of nitrogen, but also when any one of the 
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indispensable substances (phosphorus, potassium, iron or zinc, etc.) is 
absent *or deficient. A mineral solution, in which iron or zinc /is 
wanting, gives on addition of sucrose (10%) a very insignificant amount 
of growth. It will, however, produce in a few weeks relatively 
important amounts of citric acid. 

The mechanism of the formation of citric acid is discussed (compare 
Buchner, and Wiistenfeld, Abstr., 1909, ii, 602). N. H. J. M. 

Fungi which Produce Citric Acid. Cakl Weiimer (Chem. Zeit., 
1909, 33, 1281). — In 1892 the author discovered two moulds which 
can convert sugar into citric acid (Abstr., 1893. ii, 591). Since 
then the number has been extended, and he has now isolated five or 
six others, morphologically much alike, capable of effecting the same 
change. Citromyces Tollensianus is characterised by its snow-white 
appearance in. mass culture, although microscopically it differs but 
little from the others. Another species possesses the remarkable 
property, of thriving in a saturated solution of oxalic acid (containing 
about 10% of acid) ; the hardiest mould previously known [Aspergillus 
niger) can only withstand about 1%, whilst most organisms are 
adversely affected by a trace. Another organism gives rise to oxalic 
instead of citric acid, but some oxalic acid (or rather its calcium salt) 
is always found in old cultures as a decomposition product of the 
citrate. E. J* 11- 

Theory of Disinfection. I. The Disinfecting Action of 
Phenol III. Heinrich Keichel ( Biochem . Zeitsch., 1909, 22, 
201, — 231. Compare Abstr , 1909, ii, 1045). — The assumption is nQade 
that the disinfecting action depends on the coefficient of distribution 
of the disinfectant between the two phases, namely, tho bacteria and 
the disinfecting solution. The disinfecting action of phenol in tho 
presence of varying quantities of sodium chloride was determined, 
suspensions of typhus bacilli and staphylococci being employed. The 
time of exposure to tho solutions just necessary to kill the cultures 
was determined, the method of sub-culturing being employed. The 
curves obtained were submitted to mathematical analysis, and the 
factors influencing the distribution of the disinfectant between two 
phases, such as imbibition of water by the protein, etc., discussed. 


Influence of Varying Relations between Lime and Mag- 
nesia on the Growth of Plants. Luigi Bernadini and A. 
SiNisOALCni (Chew. Zentr 1909, ii, 857 ; from Siaz. sper. agrar. ital., 
1909, 42, 369 — 386).— -The injurious effect of an excess of calcium 
and the poisonous action of an excess of magnesium do not depend on 
the absolute amounts of calcium and magnesium ions taken up, but on 
the relation of the amounts absorbed by tho plant to each other. The 
assimilated phosphoric acid is a function of tho relation CaO/MgO in 
the nutritive medium, and depends on the relation of the calcium and 
magnesium ions in which these are absorbed. N. H. J. M. 


Formation of Starch from Sorbitol in Rosacese. 0. Treboux 
(Ber. Dmt. hot . Gee., 1909, 27, 507— 511).— Experiments with 
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numerous varieties of Pomoidece, Prunoidea , Spiraeoidea showed 
that all of them are able to produce starch from sorbitol, whilst 
negative results were obtained with two other sub-orders, PosoidtQ 
ana Ruboidece, and with the related orders of the Saxifragin® ail( | 
Leguminosce. None of the plants which produce starch from sorbitol 
are able to utilise mannitol and dulcitol. 

As compared with sugars and glycerol, the production of starch from 
sorbitol is almost always much more vigorous. 

Sorbitol has up to the present only been found in fruits, but further 
investigation will probably show that it occurs in leaves and other 
parts of plants. N. H. J. jp 

Influence of Aluminium Salts on the Colour of Flowers 
Valentin Vouk (Bied. Zentr 1909, 38, 755 — 756; from Outer?, hot, 
Zeitsch., 1909, 58, 236 — 243). — Plants of Hydrangea hortensU watered 
with a 3% solution of alum produced flowers of a fine blue colour; at 
the same time brown spots appeared on the leaves, which died at an 
early stage. The best results were obtained with 1% solutions, which 
had no injurious effect, whilst the production of blue flowers was 
nearly complete. When aluminium sulphate was employed, the 
coloration was less strong. 

Experiments with Phlox decussala gave negative results. 

N. H. J. M. 

Protective Action of Sodium for Plants. W. J. V. Osterhout 
(Bied, Zentr . , 1909,38, 730 — 731 ; from Jahrb. wm. Bot 1908,46, 
121 — 136). — Water and soil culture experiments in which roots, algae, 
and moulds, etc., were supplied with single salts and with mixtures 
showed that the poisonous action of calcium is diminished by addition 
of small amounts of a sodium salt. The antagonism between sodium 
and calcium salts is stronger than between sodium, magnesium, aud 
potassium salts. 

The conclusion is drawn that sodium is not a nutrient, but a pro- 
tective, substance for plants, and probably for animals. Salts of 
aluminium, zinc, and cobalt have a protective action for animals, and 
salts of calcium for fungi. N. H. J. II. 

Molecular Complexity of Caoutchouc in the Milk. F. 
Willy Hinricjisen and Euicii Kindscuer (Ber., 1909, 42, 
4329 — 4331). — The form in which caoutchouc occurs in the milk of 
caoutchouc-yielding plants is still unknown, Weber claiming that the 
milk contains a hydrocarbon, C,, 0 H 32 , which polymerises to caoutchouc 
during the technical preparation of the substance (Abstr., 1903,^ i, 
845), whilst de Jong and Tromp de Haas (Abstr., 1904, ii, 762) 
assert that caoutchouc occurs already prepared in the milk ; Harries 
also holds the latter view (Abstr., 1904, i, 1038). The authors have 
centrifugalised Kickxia milk with pure benzene until an approximately 
clear solution is obtained containing the caoutchouc and the 
caoutchouc-resin. The depression of the freezing point of this 
solution is determined ; the residue is weighed after evaporation of the 
solvent, and extracted with acetone to remove the resin. I he 
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cular weight of the latter in benzene is 426, and by calculation the 
molecular weight of the caoutchouc is found to be 3173, a result 
which does not support Weber’s view. (j. S 4 

Influence of AnseatheticB and of Cold on Coumarin- 
producing Plants. Edouard Heckel (Compt. rend., 1909, 149, 
829 — 831. Compare Guignard, Abstr., 1909, ii, 823 ; Mirande, ibid., 
ii, 824). — The odour of coumarin in plants, such as Anihoxantkum 
odoratum or Melilolus officinalis, is only perceptible in the dried leaf, 
but is rapidly developed in the living leaves when these are submitted 
to the action of anaesthetics or of cold. The author confirms the 
generality of similar phenomena observed by Guignard in the case of 
Cruciferae, and has extended the experiments to Lepidium latfolium 
aud Cochkaria armoracia. W. 0. W. 


Ajuga Iva. Ugo Ponti ( Gazzelta , 1909, 39, ii, 349— 353).— The 
plant Ajuga Iva, which is largely employed in the neighbourhood of 
fcsassari as a remedy for malarial fever, contains no alkaloids, but, on 
distillation in a current of steam, yields a small quantity of a green 
oil having a characteristic aromatic odour. When treated with milk 
cf lime, the herb yields ferulic acid, which probably exists in the 
plant in combination with phloroglucinol, thus : 

this structure being analogous to that of homoeriodictyol (compare 
Power and Tutin, Trans., 1907, 91, 887). T. H. P. 


Presence of Aucubin in Different Varieties of Aucuba 
Japonica. C. Leras (J. Pharm ♦ Chirn ., 1909, [vi], 30, 390 — 392). — 
Six garden varieties of this plant, namely, eleyuntissima, latimacvlata, 
longi folia, punctata, salic folia, and viridis, have been examined and 
found to contain aucubin (Bourquelot and Herissey, Abstr., 1902, i, 
634), which was isolated in the manner described already {loc. cit.). 
The quantity obtained varied from 0 3% for elegantissima to 1‘9% for 
latimaculuta. T. A. H. 

Occurrence of a Cyanogenetic Glucoside in Linaria Striata. 
fhiiLE Bourquelot (/. Pharm . Chim., 1909, 30, 385 — 389).— The 
plant was extracted with alcohol, and, the concentrated extract 
dissolved as far as possible in an aqueous solution of thymol. This 
aqueous extract contained (1) sucrose, identified by its resolution into 
“ invert sugar ” by the action of invertase, and (2) a cyanogenetic 
glucoside, hydrolysed by emulsininto benzaldehyde, hydrogen cyanide, 
and a reducing sugar, probably dextrose. The amount of dextrose 
produced was in excess of that required for any known glucoside 
producing benzaldehyde, so that probably a second glucoside was 
present in the extract. 

Existence of Two New Glucosides, Decomposable by a 
Ferment, in Primula officinalis. A. Goris and Mascre (Compt. 
rend., 1909, 149, 947— 950).— The fresh roots of Primula officinalis, 
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like , those of other species of Primula emit a characteristic 
odour '^hen bruised. This appears tb be due to interaction between 
two glucosidea and an enzyme, for which the name j wimever<^ 6 
is Wggesfced* The new ferment has, been shown *not to be identical 
with emulsin, myrosin, or betulase.^ Details are given of the method 
employed in isolating the glucosides, prin^everin and primulauHn 
The former occurs in colourless crystals, m. p. 172 — 173°, [a] n — 60 24° 
whilst the latter forms needles, m. p. 160 — 161°, [a] D - 66 ’86°. 
are hydrolysed by dilute sulphuric acid, disengaging an odour of anh 9 
and furnishing a substance which, in the case of primeverin, develops 
a bright blue coloration with ferric chloride and a lilac-violet coloration 
in the case of primulaverin. W. 0. W. 

Localisation of Proteolytic Ferments in Vasconcellea 
quercifolia. The Rennet and Spontaneously Coagulable 
Latex. C. Gerber ( Compt . rend., 1909, 149, 737 — 740. Compare 
Abstr,, 1909, ii, 512, 824). — Unlike the majority of plants, the 
foliaceous ribs of Vasconcellea quercifolia show greater rennet activity 
than the parenchyma. Other parts of the plant show similar 
divergence from the general rule. This appears to be connected with 
the proportion of latex in the organs, since, for example, the ribs are 
richer in latex than the parenchyma. On the other hand, the 
presence of a milky latex, such as that of the chestnut, is not invariably 
associated with marked proteolytic activity. The rennet activity of 
V. quercifolia, Funtumia elastica , Artocarpus incisa, and A. integrifdk 
shows some proportionality to tho readiness with which the sap 
undergoes spontaneous coagulation. W. 0. W. 

Action of Different Amounts of Copper in the Soil on 
the Growth of Plants. J. Simon ( Landxo . Versuchs.-Stat ., 1909,71, 
417 — 429). — Mustard and barley were grown in a mixed soil, in sand, 
in garden soil, and in a clay soil, to which small amounts of copper 
sulphate were added. In the mixed soil the yield of mustard was 
reduced by about 11 — 13% by 0*001 and 0*01% of copper sulphate and 
to 23 and 0*5% by 0*1 and 0*5% respectively, whilst the plants were 
killed by 1%. Barley is less' sensitive, being unaffected by 0*001% of 
copper sulphate and remaining alive in presence of 1%. With regard 
to the sand and other soils, the experiments showed that copper 
sulphate is most poisonous in sand and least in the garden soil. 

Experiments on the absorptive power of the soils showed that 
100 grams of the garden soil absorbed 1*232 grams of copper sulphate, 
whilst the mixed soil and the clay soil absorbed 0*378 and 0*1 1 1 
respectively, aud the saud none at all. N. H. J. M. 

Deposition of Nitrogen in Full-grown Animals with 
Abundant Food. Kurt Friske (Landvj. Versuchs.-Stat., 1909,71, 
440 — 482). — The results of the experiments of Lawes and Gilbert 
{Phil. Trane., 1859, 493) on the changes in the composition of animals 
when fattened, showed that the gain is chiefly in fat (two-thirds) and 
water (one-fourth), and includes only a very small amount of mb’ 0 * 
genoug matter. The experiments were made chiefly with young 
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animals. More recent experiments, with fully-grown animals, have 
algo indicated, on the whole, that the gain in animals when fattened 
consists almost exclusively of fat. 

In the expenjnents now described, eight full grown sheep (over four 
years old) were fed -for six months on moderate amounts of hay. Tney 
were then shorn, weighed, and two of them killed and analysed. Two 
of them were then fed for about one hundred days on a nitrogenous diet 
of hay (450), beans (300), and sunflower cake (260 grams per day). 
The nutritive ratio was 1 : 2*88. Two others were fed with a less 
nitrogenous diet (1 : 5-02), consisting of hay (450), beans (270), and 
crushed barley (290 grams per day). The remaining two were reserve 
sheep which were not, however, required. 

At the commencement, in the middle, and at the end of the fatten- 
ing period, the sheep were kept for ten to eleven days in stalls for the 
collection of urine and faeces, which were weighed and analysed. 
Finally, the animals were again shorn, weighed, and then analysed. 

The analytical results showed that, during fattening, the sheep put 
on considerable amounts of flesh, the greater gain being in the sheep 
with the nutritive ratio 1 : 5'02. The results of the balance experi- 
ments indicated a greater deposition? of nitrogenous matter than the 
direct analysis. 

The gain in fat was greater than the gain in flesh in both 
experiments. N, H. J. M. 

Soil Analysis. James Harvey Pettit (J. Landw., 1909, 57, 
237 — 267 ; from Inaug . Dias. Gottingen , 1909). — The method of 
Schloesing and von Sigmond was employed with six different 
soils. The results showed very clearly a definite natural limit of 
solubility for phosphoric acid ; and when the basicity of the soil is 
allowed for, the concentration of acid which acts uniformly lies 
between fairly definite limits, 400 — 800 mg. N 2 0 5 per litre. The 
method also makes distinction between readily soluble and spar- 
ingly soluble potasb, but a uniformly acting concentration was only 
found in the case of the loam. 

The relation between the percentages of total phosphoric acid and 
total potash is not the same as the relation between the amounts 
soluble in dilute nitric acid. Muscheebalk contains more total but 
much less readily soluble phosphoric acid than Buntsandstein. 

The results of vegetation experiments agreed with the soil analyses 
in the case of loam and Muschechalk soils. 

The amounts of phosphoric acid and potash assimilated by barley, 
beans, buckwheat, and potatoes are not the same as the amounts 
dissolved by dilute nitric acid. The different plants, moreover, take 
up very different amounts of these substances — buckwheat assimilated 
3*5 times as much potash and twice as much phosphoric acid as 
barley ; so that no one solvent can possibly indicate the amounts 
of nutritive substances available to all plants. It is therefore 
desirable to employ the term “readily soluble” instead of “available.” 
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Improved Method of Collecting Gases from the Mercury 
Pump. Frederick G. Keyes (/. Am&r. Ckem. Soc ., 1*900, 31 
1271 — 1273). — -In the ordinary method of collecting gases from the 
mercury pump in an inverted tube and transferring them to the g as 
analysis apparatus, minute bubbles of air are liable to be trapped even 
when great care is exercised. The following arrangement has been 
devised in order to avoid this source of error. A wide tube for 
collecting the gases is sealed on to the up-turned end of the capillary 
tube of the pump The wide tube i 9 provided at the lower end with a 
side-tube, which is connected to a reservoir of mercury by means of 
rubber tubing. The upper end of the wide tube bears a three-way 
stopcock furnished with capillary leads. Towards the end of an 
ordinary exhaustion, t.he air in the wide tube can be expelled by 
raising the reservoir. On closing the stopcock and lowering the 
reservoir, a vacuum is formed in the tube, into which the bubbles 
passing down the pump capillary will be discharged. The method of 
employing the apparatus for the collection of gases is very simple, and 
is described with the aid of a diagram. E. G. 

Automatic Filling Burette. R. Frailong (Bull. Assoc. Chim , 
suer, (list 1909, 27, 470—471). — A description of two kinds of 
automatic burettes, one intended to deliver a definite quantity of 
reagent at once, and the other for delivering the same drop by drop. 

The main parts of the apparatus are a reservoir with a tube 
supplying the burette, a specially-constructed Mohr’s pinchcock, which 
serves to open the outlet tube while closing simultaneously the supply 
tube, and a capillary tube passing through the rubber cork of the 
burette and dipping slightly into the liquid \ it serves to obtain the 
zero point automatically. H DE K. 

Apparatus for the Rapid Electro-analytical Separation of 
Metals. Henry J. S. Sand (Trans. Faraday Soc., 1909, 5, 159 — 164). 
— A description of some developments made in the author’s apparatus 
for the rapid electro-analysis and separation of metals (compare Traus., 
1907, 91, 373 ] 1908, 93, 1572). 

A special screw-cap has been provided, which may be screwed down 
when the apparatus is not in use, making it possible to transport it 
without taking out the mercury which is employed to make connexion 
between the stationary and moving parts in the electrolytic stand. 
A clutch arrangement has also been added, which enables the operator 
to start or stop the rotation of the anode without stopping the 
motor. 

All the apparatus required for the measurement of the electrode 
potential is now fitted into a single box. The arrangement is so 
designed that by depressing a key it will also allow the potentia 
difference between the anode and the cathode to be read directly. The 
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capillary electrometer is retained as a zero instrument, and a special 
portable form, which is a modification of the Ostwald horizontal 
capillary electrometer, has been designed. It is provided with an 
enclosed scale, and will readily indicate one millivolt when observed 
with a lens. T. S, P. 

Aluminium Dishes and other Appliances in Quantitative 
Analysis. Jaroslav Formanek and Franz Pec {Che m. Zeit ., 1909, 
33 , 1282— 1283).— Dishes of aluminium may be substituted for those 
of platinum in electrolytical separations, but it is necessary to have 
the inside of the dish plated with a very thin sheet of copper. This 
may then in turn be coated electrolytieally with tin or silver, etc., 
according to circumstances. A number of successful experiments are 
communicated. Several improved appliances for quick electrolytic 
estimations are also described. L. de K. 

Electrolytic Estimation of Chlorine in Hydrochloric Acid 
with the Use of a Silver Anode. Frank A. Gooch and H. L. 
Read {Amer. J. ScL y 1909, [iv], 28, 544 — 552 ; Zeitsch. anorg. Chetn ., 
1909, 64, 287 — 297). — The authors have shown by a large number of 
experiments that when using anodes of silver or silver-plated platinum 
gauze and currents of various strengths, the results are not so satisfac* 
tory as might have been expected. This is caused by the fixing of 
oxygen as well as chlorine on the anode, the removal of silver from 
the anode to the cathode, and the formation off bypocblorous acid. 
Even when the anode is ignited to decompose silver oxides, the results 
are still irregular and always low. L. de K. 

The Beilstein Reaction [for Halogens]. Huuo Milroth {Chem. 
Zeit., 1909, 33, 1249). — The author has shown that the Beilstein 
copper oxide flame test for halogens is not absolutely trustworthy, as, 
owing to the formation of cupric cyanide, a green coloration is 
occasionally noticed, which, although not quite so characteristic, may 
be mistaken for the halogen colour. 

The reaction is given by picohnie acid, quinolinic acid, 2-methyl- 
picolinic acid, dipicolinic acid, methyl 2-hydroxynicotinate, quinaldinic 
acid, and nicotinic acid, whereas no green flame was observed with 
quinoline, isoquinoline, isomeotinic acid, cinchoninic acid, cinchomeronic 
acid, methylanthranilic acid, apophylcnic acid, and papaveric acid. 

In the case of hydroxyquinoline the reaction is obtained even 
without the use of a copper oxide bead, L. de K. 

Analysis d»f Mixtures of Halogen Acids. II. William M. 
Dehn (/. Amer. Chem . Soc., 1909, 31, 1273—1275. Compare 
Abstr., 1909, ii, 612). — The following method is recommended for the 
analysis of mixtures containing two halide ions. Silver nitrate is 
added in excess, and the precipitaled silver salts are collected and 
weighed. The solution containing the excess of silver nitrate is 
titrated with thiocyanate and ferric nitrate by the Yolhard method. 
It is shown that if a is the weight of silver nitrate required to 
precipitate both the halogens present, and b is the weight of silver 
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halides precipitated, the quantities of the halogens can be calculated 
by the following equations. For mixtures containing chloric 
and bromine: Cl = 0*8817a- 0*79766; Br= 1 '79766 — 1*516G«. p or 
mixtures containing chlorine and iodine: Cl = 05358a - 0*38775 ■ 

I 1-38776 -1' 1706a. For mixtures containing bromine and iodine- 
Br = 2*3501a- 1*70046; I = 2-70076 -2 9851a. 

Mixtures containing three halide ions can be analysed by the game 
method if one of the halogens is estimated separately. Thus, if 
iodine is estimated separately, we have Cl = 0 881 7a - 0-79766 
( + 0-2954 1); Br = 1*79766 -1*5166« (-1*2951 I). If the bromine is 
estimated separately, Cl — 0*5358« - 0*38776 ( - 0 2280 Bt*)j 
1*38776 - 1*1 706a (0*7720 Br). If the chlorine is estimated separately 
Br = 2*3501a - 1 ‘70046 (- 0*4386 Cl); I = 2*70076 - 2-985U 
( + 3*3857 Cl). E.O. 

Estimation of Perchlorates by means of Titanous Salts. 
Victor Rothmund and A, Burgstallkr (Chem. Zeit 1909, 33, 1245). 
— Contrary to Stahl er’s statement (Abstr., 1909, ii, 699) that the 
estimation of perchloric acid by boiling with excess of titanous 
sulphate and then titrating with permanganate is unsatisfactory, the 
authors find that the results are trustworthy, provided the operation, 
takes place in a flask fitted with a cooling arrangement, and in an 
atmosphere of carbon dioxide. 

The chloride famed in the reaction may be estimated by way of a 
check, but the us i l »y the nephelometcr cannot be recommended in this 
case. K. 

Simple Process for the Estimation of Iodine. Ernst Winter- 
stein and E. Herzfeld (Zeitsch. 'physiol. Chem., 1909, 63, 49—57).- 
The apparatus consists of a 250 c.c. round-bottomed flask with a 
narrow neck, which is closed by means of a ground joint, through 
which pass two tubes, like those of an ordinary wa«hbottk The 
exit tube is also furnished with a ground joint, by means of which it 
is connected with a short condenser. The end of the condensing tube 
is connected with two absorption flasks filled half way with a 10*J a 
solution of potassium iodide. 

Fifty c.c. of the solution to be tested for small quantities of iodides 
(bromides or chlorides do not interfere) are placed in the ilask, 
together with 5 c.c. of phosphoric acid and 10 — 20 c.c. of commercial 
hydrogen peroxide. A current of air is drawn through the apparatus, 
and the solution is heated gradually to boiling. After thirty minutes 
the iodine is expelled and absorbed by the potassium iodide, and M) 
be titrated. . 

When applying the process to urine, tho results are only qualitative, 
but the full amount of iodine present may bo obtained by rendering 
the urine alkaline with sodium hydroxide, evaporating to dryness, and 
destroying the iodised organic compounds by ignition. L. DE h. 

Estimation of Iodine in Organic Substances. Vincent 
Paolini (Mon. 1909, [iv], 23, 648).— The following method u 
recommended for fee estimation of iodine in such substances as boot. 
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urine, brain-substance, sea-weed, thyroid glands, etc. A particular 
instance is given of the estimation of iodine in iodoform-gauze. Ten 
grams of the gauze, cut into small pieces, are treated in a flask with 
40 grams of zinc dust and 60c.c. of 25% sulphuric acid. The mixture 
is heated by means of a water-bath in a reflux apparatus for about 
three hours, a further 50 c.c. of sulphuric acid being then added aud 
the heating continued for some hours. The iodine present is thus 
converted into hydriodie acid. The gauze is then washed several times 
by decantation with water, and the solution made up to a volume of 
3 litre. One hundred c.c. of this solution are treated with a few c.c, 
of potassium nitrite solution and extracted with 100 c.c. of carbon 
disulphide. The carbon disulphide is then separated, washed with 
water, and the iodine dissolved in it is titrated with standard thio- 
sulphate solution in the presence of sodium hydrogen carbonate. 

W. P. S. 

Estimation of Iodine in the Thyroid. Atherton Seidell 
(/. Arner. Chan. Soc., 1909, 31, 1326 — 1329). — Riggs (Abstr., 1909, 
ii, 699) has stated that the estimation of iodine in the thyroid by 
Baumann’s method (Abstr., 1S96, ii, 487) is liable to error, owing to 
the formation of iodate during the fusion, and he has therefore 
suggested a modification involving a reduction process. 

In the present paper, an account is given of experiments which 
indicate that Baumann’s method is satisfactory, and that Riggs’ 
modification is not only unnecessary, but actually leads to greater 
error than the original method, since it is difficult to remove the whole 
of the iodine from the aqueous layer before applying the reduction 
process, and any iodine remaining in solution renders the results 
inaccurate. E. G. 

Estimation of Sulphur Dioxide and Sulphuric Acid in the 
Gases of Sulphur Furnaces. Henri Pellet (Bull. Assoc. Chim. 
suer, (list 1909, 27, 468 — 469). — The author described his sulphi- 
carbonimeter some ten years ago in a pamphlet issued for private 
circulation, and now communicates some results obtained. The pro- 
cess is based on the fact that on passing the gases through water, the 
sulphuric acid is removed, the sulphur dioxide being absorbed by a 
suitable reagent contained in a second washbottle. L. DE K. 

Estimation of Dithionic Acid and Dithionates, Henri 
Baubigxy ( Compt . rend., 1909, 149, 1069 — 1071. Compare Ashley, 
Abstr., 1906, ii, 800). — Preliminary experiments showed that it was 
not possible to oxidise dithionic acid completely to sulphuric acid by 
heating with aqua regia , either in open or closed vessels. 

The solution containing the dithionate is mixed with a sufficient 
amount (12 to 15 times the quantity of dithionate present) of a 
mixture of sodium carbonate and nitrate. If a precipitate is formed, 
it is filtered off and washed ; the filtrate and washings are then 
evaporated to dryness, and the residue carefully fused during from ten 
to fifteen minutes. The sodium sulphate so formed is estimated in 
the usual wav with barium nitrate in presence of nitric acid. 

T. A. H. 

6—2 
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Estimation of Nitrogen' in Soil Extracts. Densch ( a, 6m 
Zeit. } 1909, 33, 1249 — 1251).— A reply to 'Mitscherlich (Abstr., 1909 ' 
ii, 935), — The author upholds the "Accuracy of his process, and prefer? 
it to the more scientific method of Mitscherlich in. the case of analyst 
of the aqueous extract of soils. For the reduction of the nitrates (an v 
nitrite is first oxidised by means of permanganate) in acid solution a 
mixture of iron and zinc powder is recommended, although iron al otLe 
may be used. L. be £ 


Method of Estimating very Small Amounts of Nitrogen 
T. Zeller (Landw. Versucks.-Stat ., 1909, 71, 437 — 440). — The method 
described by Mitscherlich, Herz, and Merres (Abstr., 1909, ii, 614) is 
considered impracticable, owing to the relatively large and variable 
amounts of nitrogen unavoidably introduced in the reagents. 

N. H. 3. It. 


New Distillation Arrangement for Ammonia Estimation. 
Adolf Berthold ( Chem . Zeit., 1909, 33, 1292). — By using this 
apparatus all loss of ammonia is avoided. 
The substance is placed in the flask d 
and the centre-piece b is pub on. The 
receiver f, which contains the standard 
acid, is then raised by a wooden block 
g until the delivery tube dips into the 
acid. The funnel c is now filled with 
alkali, and by gently lifting the tube e 
the liquid is allowed to run into d , but a 
little should be left in tho funnel so as 
to form a seal ) the remaining alkali is 
then removed by rinsing a few times 
with water still retaining the seal. After 
connecting the condenser a with the 
water supply, the contents of d are heated 
over a Bunsen burner. When the dis- 
tillation is practically finished, the wooden 
block is removed and the distillation con- 
tinued for a short time. 

When dealing with liquids contain- 
ing free ammonia, these should be intro- 
duced through the funnel tube c after 
placing on the centre-piece and raising the receiver. Into e a drop 
catcher has been' sealed. B. de lv. 



Estimation of very Small Amounts of Ammonia in Large 
Quantities of Air. Paul Liecuti and Ernst Ritter (Chem. Zeit^ 
1909, 33, 1265—1266). — The apparatus consists of a U-tube contain- 
ing diluted iV-suiphuric acid, one limb of which is attached to a 
vertical, spindle-shaped tube, which is connected to the first of two 
pipettes inclined at about 45 ° to the vertical ; the top pipette is 
attached to a second U-tube. By means of a ventilating fan, the air 
is drawn very rapidly through the apparatus. The acid is swept 
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mainly into the spindle-shaped tube, where it is churned violently by 
the air current, and a good deal of the acid is converted into spray ; 
this, however, settles on the walls of the two pipettes and flows back ; 
it is lound that practically every trace of ammonia is removed, 

L. de K. 

New Arrangement for the Estimation of Nitric Compounds 

in Sulphuric Acid. K. Leo (Chem. Zeit 1909, 33, 1218—1220). 

Instead of shaking the sulphuric acid with mercury (Lunge’s process), 
50 c.c. of the sample are placed in a specially constructed bulb, 
the remaining space being taken up with mercury. By means of 
a tube furnished with three openings aDd connected with a mercury 
pressure flask, mercury is forced into the acid like a spray, and 
the action soon starts. The mercury displaced runs into another 
reservoir, and from there into a beaker, and is afterwards emptied into 
the pressure flask. The nitric oxide liberated is then transferred to 
a gas volumeter and measured. 

For working details the illustrations in the original article should 
be consulted. L. de K. 

Reduction of Nitric Nitrogen to Ammonia; New Process 
for the Estimation of Nitrates. M. Km manuel Pozzi-Escot 
(Bull Assoc . Chim suer, diet., 1909, 27, 457—459 ; Ann. Ckim. anal., 
1909, 14, 445 — 446). — The nitrate is placed in a distilling flask fitted 
with a funnel safety tube, 5 to 6 grams of aluminium cuttings 
and 2 c.c. of a saturated solution of mercuric chloride are added, and 
also 150 to 200 c.c, of water. After connecting the flask with 
the condensing apparatus, a brisk evolution of hydrogen will be 
noticed ; a solution of sodium hydroxide is added, and the ammonia 
formed is distilled off and collected as usual in standard acid. In 
order to decompose traces of ammoniated mercury compounds, a few 
c.c. of sodium hypophosphite solution are added towards the end. 

L. de K. 

Modification of the Grandval and Lajoux Process for the 
Estimation of Nitrates in Waters Charged with Chlorides. 
L. Farcy {Bull. Soc. ckim., 1909, [iv], 5, 1088 — 1090). — The author 
stated previously that in the presence of chlorides the procefes used by 
Grandval and Lajoux failed to give correct results, and he con- 
structed correction tables. By operating as follows, and using 
an improved reagent, the use of these tables may be avoided. 

One volume of a mixture of 37 parts of sulphuric acid 
and 3 parts of phenol is mixed with 1 volume and a-half 
of hydrochloric acid and 1 volume and a-half of water, and heated 
for half an hour on the water- bath. The residue left on evaporation 
of the sample is moistened with 1 c.c. of the reagent and heated on the 
water-bath for fifteen minutes. The residue is then rendered alkaline 
with ammonia, and the coloration compared with that of a standard 
water similarly treated. L. de K. 
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Influence of Nitrites on the Estimation of Nitrates b? 
Grandval and Lajoux’s Process. L. Farcy (Bull. Soc. c hi, a 
1909, [iv], 5. 1090 — 1091). — The author states that, although nitiites 
do not themselves affect Grandval and L&joux’s reagent, the least 
trace of nitrate added gives a coloration far more powerful than would 
be expected. ♦ 

The nitrite should therefore be estimated separately by means of 
Griegs’ reagent, and before estimating the nitrate it should be oxidised 
with permanganate, or else destroyed by means of carbamide. 

T. de K. 

Influence of Chlorides on the Estimation of Nitrates. L. 
Farcy (Bull. Soc. chim. t 1909, [iv], 5, 1091). — The loss in nitrate 
observed when applying the Grandval and Lajoux colorimetric test for 
nitrates in presence of chlorine is due to the formation of nitro-hydro- 
chloric acid; this may be proved by passing the gaseous products cf 
the reaction through a solution of potassium iodide, when the amount 
of iodine liberated corresponds with the loss observed. 

A slight mechanical loss owing to effervescence is also unavoidable. 

U de R. 

Coloured Substances Produced in Grandval and Lajoux's 
Reaction. Maurice Lombard (Bull. Soc. chim. t 1909, [iv], 5, 
1092 — 1096). — The coloration is mainly caused by a mixture of 
o-nitrophenol-/?-sulphonic acid and o-nitrophenol. The latter substance 
gives a more intense red coloration with ammonia. L. de K. 

Estimation of Mineral Constituents in Vegetable Substances. 
L. Vuaflart (Bull. Assoc. Chim. suer, (list., 1909 , 27, 454 — 456). — ■ 
Polemical. A reply to Pellet (Abstr., 1909, ii, 755) on the subject 
of the volatilisation of phosphoric compounds on incinerating 
vegetable substances. The errors are avoided by using the moist 
combustion process with sulphuric acid. The use of alcohol when 
estimating nitrates is also discussed, also the possibility of some 
magnesium ammonium phosphate remaining on the filter when 
dissolving the yellow molybdate precipitate in dilute ammonia 
containing some citrate solution. L. de K, 

Estimation of Mineral Constituents in Vegetable Substances. 
Henri Pellet (Bull. Assoc . Chim. suer, dist., 19i»9, 27, 456 — 457) — 
Polemical. A further reply to Vuaflart (preceding abstract). The 
author did use citrate solution, and not nitrate, as reported erroneously. 
Attention is called to the fact that the application of alcohol m 
the estimation of nitrates has already been advocated by Boussingault 
in 1865. DE K ‘ 

Estimation of the Free Acid in Superphosphates. Frederick 
B. Guthrie and A. Alexander Ramsay (J. Roy. Soc. Xew South Jlafe, 
1909, 43. 69 — 74). — The methods recommended for the estimation ot 
free phosphoric acid have been examined. He rzf elder's method, m 
which the free acid is extracted with ether and titrated in aqueous 
solution with methyl-orange as indicator, gives the best results, but 
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the values obtained are rather low. A modification of this method, 
in which sodium alizarinsulphonate is used as indicator, will probably 
prove to be the best method of estimating froe phosphoric acid in 

superphosphates. H. M. D. 

Estimation of Total Phosphoric Acid in Basic Slags and 
Native Phosphates by the “ Citro- mechanic Method." E . 
GuEHBY and E. Toussatnt (Bull. Sac. chim. Bdg 1909, 23, 
4i>4 — 457). — Twenty to twenty-live c.e. of sulphuric acid are intro- 
duced into a 250 c.c. Jena flask by means of a funnel tube so as not 
to moisten the neck. 2'5 Grams of the powdered sample are added, 
and, after gently shaking, the whole is boiled for ten minutes. When 
cold, water is added a little at a time, and when cooled down, the 
solution is diluted to the mark, well shaken, and filtered. Twenty- 
five c.c. of the filtrate are placed in a beaker and neutralised with 
ammonia, and when cold, 30 c.c. of ammonium citrate solution 
( = 10 grams of citric acid) are added, followed by 15 c.c. of ammonia. 
After starting the stirring machine, 35 c.c. of magnesium mixture 
are added drop by drop, and. after twenty-five minutes, the precipitate 
is collected, washed with dilute ammonia, and ignited. 

No correction need be made for the volume of the insoluble matter, 
as this contains relatively the same amount of phosphoric acid as the 
solution. L. de IC. 

Estimation of Hypophosphoric, Phosphorous, and Hypo- 
phosphorous Acids in Presence of One Another, and of 
Phosphoric Acid. Arthur Rosenheim and Jakob Pinsker ( Zeitsch . 
anorg . Chem 1909, 64, 327 — 341). — A method was required for the 
analysis of the acid obtained from the action of moist air on yellow 
phosphorus. 

Hypophosphoric acid (the pure sodium salt was used) may be 
estimated by titration with permanganate if certain precautions are 
observed. The slightly acid solution, with the addition of a small 
quantity of permanganate, is heated to 80 — 90 D , titrated rapidly with 
oxalic acid, more permanganate added, and so on, until a red 
coloration persisting for five minutes is obtained. The excess is then 
titrated with oxalic acid : 

1 0H s PO„ + 2KMn0 4 + 3 H 2 S0 4 + 2H,0 - 10II 3 PO 4 + 2MnS0 4 + K 2 SC 4 . 

Iodine is without action on hypophosphoric acid, Uranyl salts give a 
yellow precipitate according to the equation: 2NaHP0 3 + U0 2 (N0 3 ) 2 

= U0. 2 (HP0 3 ) 2 + 2NaN0 3 . 

Phosphorous acid may be estimated by means of permanganate 
under the same conditions as hypophosphoric acid, it reacts quanti- 
tatively with iodine, when heated in a closed flask, to form phosphoric 
acid, and may thus be estimated in the presence of hypophosphoric 
acid. 

Hypophosphorous acid may be titrated with permanganate as above : 
5H 3 P0 2 + 4KMn0 4 + 6H. 2 S0 4 - 5H 3 P0 4 + 4MnS0 4 +6H a 0 + 2KjS0 4 . 
aud also reacts quantitatively with iodine when heated in acid solutio n 
in a closed flask. In all cases the oxidation of any one acid i v. 
upalfepted by the presence of one or more of the other acids, uan 
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mixture containing phosphoric, .phosphorous, hypophosphoric, and 
bypophosphorous adds may b 6 analysed by; (1) oxidising with nitric 
acid and precipitating with magnesia, thus estimating t 0 j. a j 
phosphorous ; (2) titrating with permanganate, which oxidises all 
but the phosphoric acid ; (3) titrating with iodine, which oxidise 
only phosphorous and hypophosphorous acids j (4) titrating wita 
uranyl nitrate, which precipitates only phosphoric and hypophosphoric 
acids. Equations for calculating the proportions are given. 

An application of this method of analysis to the product obtainel 
by the oxidation of phosphorus in moist air at 5°, shows that the 
solution contains principally hypophosphoric acid. C. H. D. 

Apparatus for the Estimation of Carbon Dioxide in. Milk, 
A. Barillk (J. Fharm. Chiin. } 1909, [vi], 30, 452 453).- — The 
apparatus, which is figured in the original, consists of a flask cod- 
nected with (1) washbottles containing potassium hydroxide solution 
through which air freed from carbon dioxide may be introduced at 
will, and (2) washbottles containing ammoniacal baryta water for the 
absorption of the carbon dioxide liberated. Eight hundred c.c. of milk 
are introduced into the flask, heated at 50°, and the last traces of carbon 
dioxide swept by a current of purified air into the baryta solution, where 
it is estimated. The ** combined ’ carbon dioxide is then estimated by 
adding excess of tartaric acid to the milk and proceeding as before. 
The apparatus gives results within 1% of the theoretical. 

T. A. H. 

Estimation of Potassium in Potassium Silicates. Aaet 
Vekwey {Zeitsch, anal. Chevi., 1909, 48, 7 60 — 762). — A slight modifica- 
tion of Lawrence Smith s well-kuown method. One gram of thefioely- 
pewdered silicate is intimately mixed with 1 gram ot pure ammonium 
chloride and 5 grams of alkali-free calcium carbonate, and the whole 
is introduced into a platinum crucible 4 ‘5 cm. in height and 3*5 cm. in 
width. After covering the mixture with a layer of 3 grams of calcium 
carbonate, the crucible is heated until the ammonia is expelled, and, 
after putting the lid on, a strong heat is applied for an hour with a 
Teclu or a powerful Bunsen burner. 

The mass is then boiled with water for fifteen minutes, and, when 
cold, the liquid is made up to 200 c.c., and in 50 or 100 c.c. of the 
filtrate the potassium is estimated by acidifying with hydrochloric acid 
and evaporating with excess of platinic chloride as usual. 

L. DF K. 

^“Estimation of Zinc and Analysis of Zinc Ores. K. Voict 
^eitscL angew. Ch*m., 1909, 22, 2 2 SO- 22 85). -Complete analyses 
are given of a few zinc ores by known methods. The author prefers 
precipitating the zinc as zinc ammonium phosphate after removing 
iny calcium with ammonium carbonate in ammoniacal solution, 
fulphur is best estimated after a preliminary fusion with a mixture o 
i parts of anhydrous sodium carbonate and 3 parts of poU^uuii 
solvate. If the ore contains an appreciable amount of mat « 
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insoluble in acid, this should be fused with sodium carbonate and then 
again treated with hydrochloric acid. L. ius K. 

The Most Rapid Wet Lead Assay. Julius F. Sacher (Chem. 
Zeit'i 19^9, 33, 1257 — 1258). — ’A. slight modification of Alexander’s 
process (separation of lead as sulphate, dissolution in ammonium 
acetate, and titration of the slightly acidified solution with standardised 
ammonium molybdate with tannin as external indicator). 

The author finds the previous separation of the lead as sulphate 
unnecessary, and titrates the nitric acid solution at once after adding 
first a sufficiency of ammonia and then an excess of acetic acid. 

Supposing 1 c.c. of the molybdate solution = 0*01 gram of lead, a 
correction must be made depending on the final volume of the liquid. 
For 50 c.c., 0*18 c.c. of molybdate should be deducted; for 100 c.c., 
0-3 c.c. ; for 125 c.c., 0-40 c.c.; for 150 c.c., 045 c.c. ; for 175 c.c., 
0*50 c.c. ; for 200 c.c., 0’54 c.c.; for 250 c.c., 0'60 c.c.; and for 
300 c.c. of liquid, 0 75 c.c. of molybdate solution. 

If iron is present to any extent, it should be removed from the 
solution by heating this for some time on the water-bath. 

L. de K. 

Detection of Mercury in Urine. Wilh. Becker ( Pharrn . Zeit ., 
1909, 54, 987). — Polemical. A reply to Stich (Abstr., 1909, ii, 1055). 
The method given by Aluien only yields approximate results, but the 
processes communicated by Farup and by Schumacher- Jung allow the 
determination of 0*1 mg. of mercury in urine. Bunge’s balances, 
provided with a glass micrometer and indicating 1/20 mg., are 
recommended. U de K. 

Detection of Mercury in Urine. Fritz Glaser and A. Isenburg 
(Cham. Zeit., 1909, 33, 1258). — To 250 c.c. of the sample are added 
5 grams of pure aluminium sulphate, and the solution is heated and 
precipitated with ammonia. The precipitate is then collected, dissolved 
in hydrochloric acid, and heated on the water-bath for forty-five 
minutes in presence of a copper spiral. The deposit is then, as usual, 
sublimed and converted into the red iodido. L. de K. 

Electro-analysis of Mercury Compounds with a Gold 
Cathode. F. Moll wo Pehktx (Trans. Faraday Soc., 1909, 5, 45 — 48). 
— Using a gold flag electrode, a large number of estimations of mercury 
were made, using mercuric chloride, bromide, and sulphate. The 
electrolytes employed were nitric acid, sulphuric add, potassium 
cyanide and sodium sulphide. The results obtained were always 
high— from 0 5 to 2 5%. This was at first attributed to occluded 
hydrogen, but it was not found that the gold electrode increased m 
weight when made the cathode in dilute sulphuric acid and the current 
passed for twenty hours. When the electrode coated with mercury 
was treated in, a similar manner, it also showed no increase in weight. 
Since the electrode was cathode, the increase in weight could not be due 
to oxidation, and when a platinum electrode was run in series with it, 
the mercury deposited on the platinum was always slightly less than 
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that theoretically required. The author cannot explain the results 
’which show, however, that a gold electrode cannot be satisfactorih 
used for analytical purposes. 

A rotating silver electrode showed similar results to the g 0 ],j 
electrode. Usually the time required to deposit the mercury ^ 
from five to six hours, but on stirring the electrolyte by means of a 
powerful magnetic field, the time of deposition was reduced to fifty 
minutes ; the results were still too high. 

The author comes to the conclusion that the best electrode ou which 
to deposit mercury is one of mercury, the "deposition being very 
rapid if a rotating anode is used (compare Smith and Kolloch, Abstr. 
1905, ii, 859 ; 1906, ii, 194). Two quartz vessels, one of them fitted 
with a siphon side-tube, are described for use with a mercury cathode 

T. S. P. ' 

Estimation of Manganese by Volhard and Wolffs Method. 
Waldemar M. Fischer (Zeitsch. anal. Chmu, 1909,48, 751— 760).— .\ 
slight modification of the Volhard -Wolff permanganate titration pro- 
cess. The sulphuric or hydrochloric acid solution (containing about 
0*35 gram of manganese) is diluted to 500 c.c., and aqueous sodium 
hydroxide is added until a slight precipitate forms, which is then at 
once redissolved by a few drops of dilute sulphuric acid. One gram 
of freshly ignited zinc oxide and 10 grams of zinc sulphate are added, 
and, after heating the solution to boiling, it is titrated with A/ 10 
permanganate. One c.c. of pure glacial acetic acid is added, and the 
liquid is again heated to boiling. This causes the precipitate to 
coagulate and to settle rapidly, and the pink coloration to disappear; 
the titration is then continued until the pink colour is restored. 

L. DE K. 

Separation of Manganese and Chromium. Ferdinand Falco 
(Arch, rharm 1909, 247, 431 — 436)*— A modification of Kassner’s 
process, by means of which good results are obtained when the amount 
of manganese does not exceed 0*015 gram. 

The solution is placed in a covered beaker, and sodium peroxide 
added in small portions. The liquid is then heated until the precipi- 
tate has separated in brown flocks. The liquid is decanted through a, 
filter, and the precipitate washed with boiling water, and finally 
collected on the filter ; the filtrate contains the chromium as chromate. 
The manganese peroxide is dissolved off the filter by means of hot 20% 
hydrochloric acid, and returned to the beaker. Excess of bromine 
water is added, followed by an excess of ammonia, and the liquid is 
heated to boiling. The precipitate is then collected, washed, ignitpd, 
and weighed as manganosomanganic oxide. The filtrate, which may 
still contain traces of chromium, is added to the main solution. 

L. de K. 

Quantitative Separations by Means of Ammonium “Cup- 
ferron ” (Nitrosophenylhydroxylamine). Oscar Baudisch (Chm. 
Zeit. } 1909, 33, 1298—1300). — Analysis of Brown Iron Ore.—l be 
grams of the ore are dissolved in 60 c.c. of strong hydrochloric acid ; the 



ANALYTICAL CHEMISTRY. 


ii. 77 


iron is fully oxidised by boiling with potassium chlorate, and, when cold, 
the whole is diluted to 500 c.c. Twenty-five c.c. of the liquid are placed 
in a beaker, and 20 c.c. of hydrochloric acid and 100 c.c. of cold 
distilled water are added. While stirring, a solution of 3 grams of 
n cupferron ** in 50 c.c. of water is added. The iron is completely pre- 
cipitated when a white precipitate begins to form. The precipitate 
is now collected, and washed with cold water until the washings are 
no longer acid ; the filtrate is used for the estimation of manganese. 
The filter is then washed with dilute ammonia (l ;1) to remove the 
excess of “ cupferron/* and the precipitate is then washed once with 
water, and finally converted by ignition into oxide and weighed as 
such. 

Analysis of Nickel Ore . — The iron and copper present are precipitated 
jointly with “ cupferron/' and in the nitrate the nickel is estimated 
by a suitable method. The copper is extracted from the washed 
precipitate with strong ammonia, and the copper is then obtained as 
oxide by evaporating the solution and igniting the residue ; the 
oxide may be reduced to metal, and weighed as such. The precipitate 
insoluble in ammonia is then ignited and weighed as ferric oxide. 

The use of “ cupferron” in a number of other cases is suggested. 

L.deK. 


Rapid Electrolytic Estimation of Cobalt. Pierre Bruylants 
(Bull Soc. chim. Belg ., 1909, 23, 383— 400).— A lengthy paper 
containing a large number of experiments recorded in sixteen tables. 
The electrolytic estimation of cobalt in ammonia cal solution gives good 
results with a cathodic potential of 1 *35 volts. If the same process as 
for the rapid estimation of uiekel is applied, a spongy and . partly 
oxidised metallic deposit is obtained. lu any case the metal is very 
readily oxidised and redissolved, so that it must be washed without 
interrupting the current. Under proper conditions cobalt may, like 
lead and manganese, be deposited as peroxide at the anode. Electro- 
lysis from an oxalic acid solution cannot be recommended, as the deposit 
then contains carbon. . 

An approximate separation of cobalt from zinc may be obtained 
when operating in ammoniacal solution as directed above. If sodium 
sulphite is also added, the cobalt, although free from zinc, contains an 
appreciable amount of sulphur. k* rE 


Gravimetric Estimation of Chromium ; Quantitative Hydro- 
lysis of Sesquioxides. Walter Sohoellek and Walter Schrautii 
iChem. Zeit.y 1909, 33, 1237). -The neutralised solution of the 
chromic salt, which contains <H— 0 2 gram of metal and is diluted to 
about 300 c.c., is heated to boiling, and 3 c.c. of aniline are added in 
portions of 1 c.c. After boiling for five minutes, the chromium has 
been precipitated quantitatively as hydroxide in a form which may 
be readily washed by decantation. 

The process may be used in the presence of manganous salts. Salts 
of aluminium, zinc, and ferric iron are also precipitated by aniline, 
but whether the process is sufficiently accurate for these ™Ul^has 
not, as yet, been decided. 
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Estimation of Titanic Acid in Ilmenite, Elise Rose r Qb 
ZeiL, 1909, 33, 1225—1226). — 0*5 Gram of the finely-powdered ore^' 
heated with 10 grams of anhydrous sodium -carbonate, finally over 
blowpipe for half an hour. The liquid mass is poured into a plating 
dish placed in cold water, and when cold it is put together with the 
crucible into a spacious beaker containing 50 c.c. of cold water. 
portion left undissolved is washed on a filter, then transferred to an 
Erlenmeyer flask of one litre capacity, and heated with dilute hydro 
chloric or sulphuric acid until quite dissolved. 

When cold, the solution is rendered slightly alkaline with sodium 
hydroxide, and then again slightly acidified with sulphuric acid 
One hundred c.c. of strong sulphur dioxide solution are added 
and enough water to obtain a volume of 700 c.c. The whole is u 0 w 
boiled on an asbestos plato for one hour, and another 20 c.c. of 
sulphur dioxide solution are added. After remaining for a few hours in 
a slanting position, the precipitate is collected, washed with boiling 
water, ignited, and weighed as titanium peroxide. L. ns K. 

Estimation of Thorium in Monazite. Colorimetric Eetiina 
tion of Small Amounts of Platinum. John C. H. Mikgaye 
( Records Geol. Survey A. S. Wales, 1909, 8, 276 — 286). — Estimation of 
Thorium in Monazite. — Samples of Carolina monazite have been 
analysed by several methods. The precipitate obtained with sodium 
thiosulphate must be rediss^olved, precipitated with oxalic acid, and 
extracted with ammonium oxalate. Precipitation with moist lead 
carbonate (Giles. Abstr., 1905, ii, 615) gives good results if the precipi- 
tation is repeated. Precipitation as basic acetate (Haber, Abstr., 1898, 
ii, 295) is rapid and sufficiently accurate. Several Australian monazites 
have also been examined, the richest being a sand from Black Swamp, 
Xorrington, New South Wales, containing 4*12% of thoria. 

Colorimetric Estimation of Platinum. — The small quantities of 
platinum occurring in beach sands or alluvial deposits may be estimated 
by fluxing with litharge and charcoal to obtain a lead button, cupelling 
with the addition of silver, and parting with nitric acid, D 1*28, which 
dissolves platinum and silver, leaving gold and iridosmine. The silver 
is precipitated as chloride, and the filtrate evaporated twice to dryness 
with hydrochloric acid. The hydrochloric acid solution, filtered from 
traces of lead and silver chlorides, is treated with stannous chloride 
or potassium iodide, and the coloration obtained compared with that 
of a standard solution containing 0*065 gram platinum per litre. 
Quantities of platinum as small as 0*06 gram per ton may be estimated 
in this way. C. H. D. 

Methods for the Quantitative Chemical Analysis of Animal 
Tissues. I. General Principles. Waldemak Koch {J. Amer. 
Chem. Soc. } 1909, 31, 1329 — 1335). — A discussion of the general 
principles on which accurate methods of analysis of animal tissues 
depend and of tho manner in which the analytical data should be 
applied in order to yield results of value to the physiologist. The 
difficulties attending such work are pointed out. It is suggested that 
the constituents of the cell may be conveniently arranged in the 
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following classes: (1) lipoids, including phosphatides, qerebrins, and 
cholesterol ; (2) extractives, such as creatine, taurine, and hypo- 
xanthine • (3) inorganic constituents, represented .by the ash; (4) 
proteins; (5), fats; (6) carbohydrates, namely, glycogen. Very few 
of the methods at present employed for estimating these various 
croups are at all satisfactory, and it is therefore considered more 
useful to study the distribution of the three elements, nitrogen, 
phosphorus, and sulphur, which are of special interest, as they are 
involved in somewhat different phases of cell activity. From a 
physiological standpoint, it is desirable to study the same tissue under 
different conditions, of which the three most important are : (1) the 
teriod of growth or development; (2) conditions of pathological 
change; and (3) conditions of starvation, the first of these being 
the most favourable for a study of the chemical transformations in 
the cell. 

As an illustration, aualyses are given of (1) a very young brain, 
(2) an adult brain, and (3) a brain from a case of dementia prcecox. 
The young brain contained a larger quantity of extractives than the 
adult braiD, whilst the latter contained a greater proportion of lipoids. 
The brain, from the case of dementia prsecnx resembled the normal 
brain, but contained a smaller * quantity of partly oxidised sulphur 
compounds, soluble in water. E. G. 

Methods for the Quantitative Chemical Analysis of Animal 
Tissues. II. Collection and Preservation of Material. 
Waldemar Koch and Sidney A. Mann (/. Amur, Chem. Soc 1909, 
31, 1335 — 1341. Compare preceding abstract). — An account is given 
of the precautions to be observed in order to obtain uniform and 
representative samples for analysis, and of the methods of preserving 
the material. The chief methods of preservation are (1) immersion 
in alcohol, (2) drying, and (3) the addition of a dehydrating agent, 
such as sodium sulphate or gypsum. The relative advantages and 
disadvantages of these three methods arc discussed. * E. G. 

Methods for the Quantitative Chemical Analysis of Animal 
Tissues. III. Estimation of the Proximate Constituents. 
W a i/dem a r Kocii and Emma P. Carr (J. Amer. Chem, Soc,, 1909, 31, 
1341—1355. Compare preceding abstracts).— Methods are described 
for effecting tho separation and estimation of the six classes of 
constituents referred to by Koch, and the results of the analysis of a 
sample of meat by these methods are tabulated. E- G. 

Methods for tho Quantitative Chemical Analysis of Animal 
Tissues. IV. Estimation of the Elements, with Special 
Reference to Sulphur. Waldemar Koch and Fred. W. I/pson 
(J. Amer. Chem. Soc., 1909, 31, 1355—1364. Compare preceding 
abstracts).— Methods are described for estimating the total sulphur in 
animal tissues and its distribution in the lipoids, extractives, proteins, 
and inorganic sulphates. In the lipoids, extractives, and proteins, the 
sulphur exists in both the oxidised and non-oxidised condition, the 
former being represented by the ethereal or R'SOj'OH type, an t le 
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latter by the cystine or R*S*H type. Methods are given for tt e 
estimation of the sulphur in each of these states of combination, 

The results of a study by these methods of the distribution 0 f 
sulphur in brains of three different ages are tabulated. The p er 
centage of total sulphur does not show any great variation. The 
results indicate, however, that the lipoid sulphur increases at 
with age and decreases later, and the organic sulphur compound 
soluble in water, decrease with age. E. ft 

Volumetric Estimation of Phenol by Lloyd’s Method. 
Tribromophenol Bromide and Hexabromophenoquinone. 
S. C. J. Olivier ( Rec . trav. chim 1 90i), 28, 354 — 367). — I Q ti l6 
author’s experience, Koppeschaar's process for the estimation of phenol 
does not, as Lloyd states (Abstr., 1905, ii, 209), give inacetn> ate 
results, and on the contrary the modified form described by Lloyd 
( loc . ci$.) gives results less trustworthy than those given by the original 
process. In this investigation, the author prepared tribromophenol 
bromide and hexabromophenoquinone, and records certain new data 
regarding these substances. 

Tribromophenol bromide, when heated in an atmosphere of carbon 
dioxide, begins to evolve bromine even below 100°, and it is to 
this decomposition that the different melting points ascribed to this 
substance are due. Mixed with excess of potassium iodide and 
hydrochloric acid, the bromide liberates 99*6% of the theoretical 
quantity of iodine, so that the anomalous results recorded by Lloyd 
cannot be due, as he suggests, to the formation of this substance in 
the titration of phenol by Koppeschaar’s process. 

Hexabromophenoquinone was prepared by Benedikt’s process (Abstr., 
1879, 717), but could not be obtained crystalline. This substance is 
not formed when excess of bromine is allowed to react with phenol 
under the conditions prescribed by Koppeschaar, so that Lloyds 
anomalous results with this process are not due to this cause. 

In using Koppesehaai’s process, the time of action of the bromine 
on the phenol may be reduced to live minutes if not more than 
0*09 gram of phenol is used, and if the solution of sodium bromide and 
bromine is about 0*8 decinormal. The addition of sodium bromide 
inhibits the formation of tribromophenol bromide. The end reading 
is clearer if chloroform is added, as suggested by Lloyd ( loc . cit). 

T.A.H. 

Application of Arsenious Acid in Volumetric Analysis. I. 
Franz M. Litterscheid and J. Borxemaxn (Zeitsck. mtgeio. Ckm 
1909, 22, 2423— 2427 ).— Estimation of Dextrose [in Uriit *].— Fifty c.c. 
of copper sulphate solution (49'948 grams per litre) are placed in. a 
200 c.c. measuring flask, 20 c.c. of the usual alkaline tartrate solution 
are added, and the liquid is heated to boiling. Twenty-five c.c. of the 
dextrose solution (urine), not exceeding 1% in strength, are added, and 
the boiling is continued for two minutes. To the hot liquid are then 
added 50 c.c. of arsenious acid solution (9‘9 grams per litre; this is 
equivalent to the copper solution), and also 30 c.c. of 96% acetic acid. 
When cold, 7 grams of potassium iodide are added in six to eight 
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portions. When, all the copper, including the reduced oxide, has 
passed into cuprous iodide, the liquid is diluted to the mark and 
filtered, the first portion of 10 c.c. being rejected. One hundred c.c. 
are then nearly neutralised with 20% sodium hydroxide, and, “after 
adding 5 grams of sodium hydrogen carbonate and diluting to . 

400 500 c.c., the free arsenious acid is titrated with A r /10-iodine 

a s usual. Or the liquid may be nearly neutralised with pure ammonia 
and diluted to 400 — 500 c.c. without addition of hydrogen carbonate. 
The arsenious acid found is equivalent to the copper reduced by 
the dextrose. A table is given showing the amount of dextrose 
corresponding with the c.c. of iodine used. L. de K. 

Simple Distilling Apparatus for the Estimation of Pentosans 
by Tollens 1 Method. Johann Tisciitschenko (J. Landw. , 1009, 57, 

ooy 230). — The usual apparatus consists of a tiask fitted with a tap 

funnel and a Kjeldabl distilling bulb, to which the condenser is 
attached. This is now simplified by making the funnel and bulb 
in one piece, the funnel passing down through the middle of the bulb ; 
the double boring of the cock is thus avoided. A sketch is given. 

N. H. J. M. 

[Estimation of Glycogen.] Karl Grube ( PJlugers Archiv , 1909, 
130, 322 — 324). Eduard PfjXger (ibid.) 325 — 327). — Polemical. 

Quantitative Estimation of Lactic Acid in Cheese. 
Shigehiro Suzuk.ii and Edwin B. Hart (/. Amer. Chan . <$oc., 1909, 
31, 1364—1367). — In connexion with a study of the chemical changes 
which take place during the ripeniDg of cheese, it was necessary 
to find a trustworthy method for estimating lactic acid. Palm s 
method (Abstr., 1887, 307), depending on the formation of basic lead 
lactate, 3PbO,20 3 H 6 O 3 , has been found to be inaccurate. Part bed's 
method (Abstr., 1903, ii, 189), in which the lactic acid is distilled in a 
current of superheated steam, when applied to i-lactic acid, must not 
be carried out below 130°, and the distillation must be continued 
until 750 c.c. of distillate have been collected. This method, however, 
cannot bo used in presence of other acids, such as malic, citric, 
tartaric, oxalic, or succinic, and is therefore unsuitable for cheese 
analysis. The usual method of estimating lactic acid by adding dilute 
sulphuric acid to the cheese, extracting with ether, and afterwards 
separating the acid in the form of its zinc salt, gives fairly satisfactoiy 
results when carefully carried out. 

Estimation of Cinnamic and Benzoic Acids in Mixtures 
of the Two Acids. Anne W. K. he Jong (IUc. trav. chim., 1909, 
28, 342—348. Compare Abstr., 1908, ii, 993).— The methods already 
described, such as those of de Jong (Abstr., 1906, ii, 315) an 
Scheringa (Abstr,, 1907, ii, 823), give good results for the volumetric 
estimation of these two acids, but are unsuitable in cases where ot- iei 
acids are present, or where the constituents must also be isou e 
and identified. . . 

In the process now described, cinnamic acid is converted into 



ii. 82 


ABSTRACTS OF CHEMICAL PAPERS. 


dibromophenylpropionic acid, which *can be separated quantitative 
from benzoic acid and identified, ' 


Preliminary experiments with mixtures of the two acids by ft\ 
fractional crystallisation ; (2) extraction by solvents ; (3) sublimation 
and (4) precipitation of metallic salts, did not give promising 
results. 6 


The process eventually discovered consists in dissolving the mixture 
under examination in carbon disulphide and determining, eitk<r 
by titration or weighing, the bromine necessary to convert the 
cinnamic acid present into dibromophenyl propionic acid. This n^y 
then be separated quantitatively from benzoic acid by extracting tli 
latter with carbon tetrachloride or by removing it by sublimation 

T.A.H. 


Sodium Phosphotungstate as a Reagent for Uric Acid and 
other Reducing Substances. Carlo Ckryello (Arch. exp. p at j t 
Pkarm.y 1909, 61, 434- 437). — The reaction in urine with sodium 
phosphotungstate described by Richaud and Bidot depends on ths 
presence of uric acid, which reduces the reagent and for m 3 a blue 
colour. Other reducing substances (dextrose, hydroxylamiue 
morphine, etc.) give the same reaction. The blue colour which 
ferrous salts give with the tungstate passes in the presence of atmos- 
pheric oxygen into a green and then a red colour, as lower tungsten 
oxides are formed. Reducing agents produce analogous changes in 
molybdic salts. W. D. H. 


The Iodine Reaction of Adrenaline. Ludwig Krauss (liiockm. 
Zeilsch., 1909,22, 131). — A question of priority. The author claims 
that the reaction with iodic acid described by Friiukel and Allers 
(Abstr., 1909, ii, 628) was previously described by himself (Apolh. 
Zeit., 1908,701). W. D. H. 


Estimation of Morphine in Opium ; Extract of Opium and 
Tincture of Opium. Heinrich Fkrrichs (Chem. Zentr 1909, 
ii, 1499 — 1500 ■ from Apoth. Zeit., 1909, 24, 5 92 — 596) . — Helfen 
berger's process is recommended, usiDg 5 grams of dilute ammonia 
(17 + 83) and water saturated with ether. A convenient separating funnel 
for washing the morphine crystals is described. The process is also 
applicable to the extract and the tincture of opium \ the latter should 
be concentrated to about one-third. Opium may be reduced to 
a definite morphine content by addition of starch ; for the extract, 
lactose may be used. L. de K. 

Estimation of Urea in Urine. P. W. Gill, F. G. Allison, and 
Harry S. Grindley (/. Amer. Chem . Soc., 1909, 31, 1078 — 1093). — 
A modification of the hydrolysis method. The resulting solution, 
after heating the urine with hydrochloric acid in an autoclave, is 
mixed with an excess of sodium carbonate, and the ammonia formed 
from the urea is then expelled in a current of air and absorbed in 
standard acid. Under these conditions, no ammonia is yielded by the 
products of the hydrolysis of creatinine, uric acid, or hippuric acid. A 
special aeration apparatus is described. L, de K. 
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Estimation of Urea, Allantoin, and Amino -acids in Urine 
Dorothy E. Lindsay (Bio-Chem. J., 1909, 4, 448— 454).— Nitrogen is 
estimated by (a) Bohland's method ; this gives the nitrogen of amino- 
acids, hippuric acid, creatinine, allantoin, and urea. Estimation by 
Folin’s method (6) gives the nitrogen of urea, allantoin, and ammonia j 
estimation by the Mdrner-Eolin method (e) gives the nitrogen of urea 
an d ammonia. Ammonia and creatinine are estimated separately by 
Foiin’s method. The difference between (a) and ( b ) gives the nitrogen 
of amino-acids (including hippuric acid) and of creatinine ; the differ- 
ence between (b) and (c) gives the allantoin nitrogen. This combina- 
tion of methods was found to give good results with artificial mixtures. 

W. D. H. 


Estimation of Purine Bases in Urine. Ernest L. Kennaway 
(/. Physiol ., 1909, 39, 296—310). — When urine is treated by the 
Camerer-Arnstein method for the estimation of total purines, uric acid 
loses ammonia ; this loss occurs when the precipitate of silver- 
magnesium urate is boiled. The purine bases do not undergo this loss. 
The method is, therefore, only correct when employed for the estima- 
tion of purine bases in urine from which the uric acid has been 
removed. W. D. H. 

Vanillin as a Test for Antipyrine and Kryogenine ; Detection 
of Antipyrine in Pyramidone. Charles Pkimot (Chem Zentr 
1909, ii, 479 ; from Bull. Sci. Pharmacol ., 1909, 16, 270). — If a small 
crystal of antipyrine is moistened with 2 c.c. of a reagent consisting of 
1 gram of vanillin, 6 grams of dilute hydrochloric acid (1:1), and 
100 grams of 95% alcohol, and the whole evaporated on the water-bath, 
a dark oraDge-yellow ring is formed first, and afterwards a similar 
stain on the bottom of the dish is noticed. The test shows the 
presence of even 0*00095 mg. of antipyrine. Pyramidone does not 
give the test, and even 0*005 mg. of antipyrine may thus be detected 
in 0*1 gram of pyramidone. Kryogenine gives a distinct greenish- 
yellow coloration when this test is applied. L. de K. 


Attempt to Estimate Indoxyl in Urine. L. A, Mennechet 
(Chem. Zentr., 1909, ii, 1499; from Bull . Sci. Pharmacol 1909, 16, 
458 — 460). — The urine is defecated by 10 vol. % of basic lead 
acetate, and a portion of the filtrate, representing 50 c.c. of the urioe, 
is mixed with an equal volume of pure hydrochloric acid. After 
\ shaking for five minutes, 5 c.c. of chloroform are added, and the 
shaking is continued ; if the chloroform remains colourless, 2 to 3 
drops of hydrogen peroxide solution are added. The chloroform is 
drawn off, and the liquid is shaken repeatedly with fresh portions of 
chloroform. The united chloroform extracts are shaken, first with 
water containing a few drops of sodium hydroxide; and then with 
water, and the indoxyl is titrated by means of standard hypobromite. 
The chloroform does not become quite colourless at the end of the 
titration, but retains a slight lilac colour. L. de K. 
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Cause of the Vanillin Hydrochloric Acid Reaction f 
Camphor. 0. TunHann (Chem. 1909, ii, 1010 ; from Sskvr 

Wochschr. Chent. PRarm. t 1909,47, 517— 519).-— The active subgw 
contained in commercjpl camphor, to which the reaction with vatiijr 
' and hydrochloric acid la due, is only an iibpurity, and is not derived fro & 
the oil cells of the camphor tree, but exists in the parenchyma celh 
It is probably closely related to the phloroglucotarmoids, and it seem" 
to play an important physiological r6le. L. de X, 

\ 

A Colour Reaction for Gelatin. R. Ed. Liesegang ( Zeitsch . 

Ind. Kolloide , 1909, 5, 248).— Mixed aqueous solutions of cupric 
chloride and excess of tripotassium phosphate give, in the presence of 
gelatin, a violet coloration instead of the usual whitish-green 
precipitate. G S. W. 

The Value of Benzidine for the Detection of Minute’ Traces 
of Blood. E. J. HcWeeney (Sci, Proc, Roy. Dubl. Soc. } 1909, 12 
216 — 223). — The reagent is made by dissolving a pinch of benzidine 
in 3 — 4 c.c. of glacial acetic acid just before use, for the mixture 
itself turns blue after about a minute, 0'5 c.c. is transferred to a test- 
tube, and 2 c.c. of 10% hydrogen peroxide are added. To the white 
opaque mixture is added the material to be examined for blood, and 
its presence is denoted by an immediate blue coloration. The 
material requiring investigation consists nearly always of suspected 
stains, and may be usually obtained as a fine dust by scraping. Should it 
be found impracticable to obtain a scraping, the fabric may be treated 
with a drop of normal saline solution, the stained fibres removed to 
another slide, and treated between slide and cover-glass with a drop of 
the reagent, when the presence of blood reveals itself by the brilliant 
blue coloration of the affected fibre. The mass may then be treated 
on the slide with a drop of 32% potassium hydroxide, so as to render 
visible the outlines of the individual red cells. 

Nono of the secretions and excretions hitherto tested by the author 
(saliva, nasal mucus, urine, etc.) has been found to behave towards 
benzidine in the same way as blood, but precisely similar results are 
given by many freshly-cut vegetables and fruits (potato aud apple for 
instance), but these no longer give the reaction when boiled for some 
time, whereas the reaction given by blood solutions is unimpaired by 
boiling for ten minutes. 

A positive result with the benzidine test should not be looked on as 
absolutely positive proof of the presence of blood, although if the result, 
is negative the absence of blood may be safely assumed. No regard 
should be paid to colour changes occurring after the lapse of one 
minute, and a blank test should be made to make sure that the 
materials and the test-tubes to be used are satisfactory. L. de K. -v 
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Refraction and Dispersion of Air, Oxygen, Nitrogen, and 
Hydrogen and their Relations. Clive Cuthbertson and Maude 
Cuthbertson ( Proc . Roy . Soc.y 1910, 83, A , 151— 171).— On account of 
the discrepancies exhibited by existing data, the authors have redeter- 
mined the ref activities ^of the four gases for the wave-lengths 
\ = 6563, 5790, 5461, and 4861. In all cases it is found that 
Cauchy's formula, /x- l = a(l + fc/A 2 ), is inadequate for the expression 
of the dispersion data, the value of b increasing as the wave-length 
diminishes. Much better agreement is obtained when a formula of the 
Sellmeier type is employed to represent the results. ‘ The constants 
involved in the Sellmeier formula are calculated for each of the four 
gases examined, and also for phosphorus, sulphur, and mercury. 

H. M. D. 

Refraction and Dispersion of Sulphur Dioxide and Hydrogen 
Sulphide and their Relation to those of their Constituents. 

Clive Cuthbertson and Maude Cuthbertson (Proc. Roy. Soc., 1910, 
83, ij.171 — 176). — Measurements of the dispersion of sulphur dioxide 
and hydrogen sulphide are recorded, and the data are expressed in 
terms of Sellmeicr’s formula, for which the constants involved are 
calculated. 

The refraction data for sulphur dioxido and hydrogen sulphide 
are compared with those of tile component elements, and it is 
shown that the refractivity does not follow an additive law. For 
sulphur dioxide the refractivity is 18%, and for hydrogen sulphide 6%, 
less than that required by the law of addition. Whereas the number 
of dispersion electrons in sulphur dioxide appears to be equal to the 
sum of the dispersion electrons in sulphur and oxygen, this relation- 
ship does not hold in the case of hydrogen sulphide. H. M. D. 

Refraction and Dispersion of Neon. Clive Cuthbertson and 
Maude Cuthbertson (Proc. Roy. Soc., 1910, 83, A, 149 — 151). — The 
refractive index of neon at 0° and 760 mm. was found to be 
1*00006716 for the green mercury line (\=5461). From this 
and values obtained for the red and blue lines of cadmium, the 
dispersion has been calculated. Previous measurements having 
shown that the refractivities of the inert gases are very nearly in the 
ratio of whole numbers, it was anticipated that the refractivity of 
neon would be exactly twice as large as that of helium. The experi- 
mental value is, however, loss than this to the extent of 4%, 

II. M. D. 

Distribution of the Ultimate Rays in the Spectrum of 
Different Regions of the Sun. Antoine de Gramont ( Compt . 
rend ., 1910, 150, 37—40. Compare Abstr., 1908, ii, 645).— This 
paper contains a tabular statement of the wave-lengths for the 

VOL. XCVIII. ii. ? 
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ultimate rays of great persistency found in the sun. The fact 
metalloids, such as tellurium, phosphorus, arsenic, antimony, ail( j 
boron, . have never been recognised in the sun is probably to be 
explained by the absorption of their ultimate rays by the terrestrial 
atmosphere. 

The author considers that Lockyers enhanced lines are not d Ue 
to dissociation, but that they are ultimate rays, and that their 
appearance gives some indication as to the proportions in which the 
elements producing them are present. W. 0. \Y, 

Critical Study of Spectral Series. I. The Alkalis, 
Hydrogen and Helium. William M. Hicks ( Proc . Roy . Soc., lSfloj 
83, A, 226 — 228*). — The experimental measurements of the spectral 
lines of the alkali metals, hydrogen and helium, have been analysed 
with the object of determining the relationships between the wave- 
length numbers. For any one series of lines, the wave numbers can 
practically all be represented by a modified Rydberg formula. The 
relationships between certain constants for the series (lithium, 
sodium, potassium, rubidium, caesium) are expressible by the integers 
1, 2, 4, 5, and 6, and these integers are also involved when the atomic 
volumes of the respective alkali metals are compared. H. M, D. 

Line Spectrum of Calcium given by the Oxy acetylene 
Burner. Gustave A. Hemsalech and Charles de Watteyille 
(Compt. rend., 1909, 149, 1112—1115). — Using the method described 
previously (Abstr., 1908, ii, 336, 445, 547, 745), the authors have 
investigated the spectrum of calcium in tho oxy-acetylene flame. The 
flame contains a very brilliant blue cone, which shows not only the 
bands which are obtained with a Bunsen burner, but also a series of 
supplementary bands which are distributed over the whole length of 
the spectrum. A full list of wave-lengths and intensities is given. 

All the- calcium lines do not exist at the base of the flame, but are 
only formed some distance above the orifice of the burner. Evon the 
strongest lines, although visible, are only very faint at the base of the 
flame ; they become very intense just above the blue cone. 

A table is given showing that with flames of different temperatures 
the number of lines between A 3900 and A 5000 increases with increas- 
ing temperature. It is also shown that the number of lines given by 
that portion of the flame which extends to the top of the blue cone 
decreases with rise in temperature. T. 8. P. 

The Yellow, Orange, and Red Regions of the High Tempera- 
ture Flame Spectrum of Calcium. Gustave A. Hemsalech aDd 
■Charles de Watteyille (Compt. rend., 1909, 149, 1369 — 1372).— The 
authors compare the less refrangible part of the calcium spectrum 
obtained by them in the oxy-acetylene flame (preceding abstract) with 
the spectrum obtained by King (AsLrophys. Journ ., 29, 190) with the, 
electric furnace. With the exception of the line A = 6708’18, which is 
present in the latter spectrum and not in the former, the characters of 
the spectra are the same, and the causes which produce them are 
therefore probably thermal. In order to produce the red lines in the 
* and Phi/. Tram., 1910, A, 210, 57—111. 
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calcium spectrum, a high temperature, such as that given with the 
oxy-acetylene flame, is necessary. 

The line A = 6708*18, which is' present in the spectrum of the electric 
furnace, is probably due to lithium (A. = 6708 08), This same lino is 
found in the sun-spot spectrum, and therefore lithium is present in the 
sun. T. S. P. 

Series Systems in the Speetra of Zinc, Cadmium, and 
Mercury. T. Eoyds (Ann. Physik , 1900, [iv], 30, 1024).— In refer- 
ence to Paschen’s paper (this vol., ii, 3), the author points out that he 
has already measured the Zeeman effect for certain lines in the spectra 
of zinc and cadmium. In a magnetic field, the lines 6438*7 (cadmium), 
6362*6 (zinc), 5528*7 and 4703*3 (magnesium) appear as symmetrical 
triplets*. The magnetic displacement observed for these lines 
corresponds with values of ejm in good agreement with the value for 
cathode rays. H. JSI. 1). 

The Spectrum of Antimony. A Kretzer (ZeiUch. rciss. Photo- 
graph. {Photophysik. Photochem., 1910, 8, 45 — 72). — The spark, arc, and 
flame spectra of antimony have been investigated. The wave-length 
measurements of the lines and bands are recorded in detail, ami 
compared with the data of previous observers. H. M. D. 

Absorption Spectrum of Potassium Vapour. P. V. Eevan 
( Phil. Mag., 1910, [vi], 19, 195 — 200). — It has been found that the 
principal series lines of potassium appear in much greater numbers in 
the absorption spectrum of potassium vapour than in any form of 
emission spectrum which has as yet been examined. This result is 
analogous to that obtained by Wood' in the case of sodium vapour. 

The method of experiment consisted in heating potassium in a steel 
tube, the* ends of which were closed by quartz plates, A beam of 
light was passed through the tube, and the emergent beam was 
examined by means of a quartz spectrograph. In this way the author 
was able to measure the wave lengths of tho principal lines of potass- 
ium up to the line corresponding with ?i = 26 in the ICayser and 
Runge formula. Hitherto the members of the series up to n = 11 
have been observed, so that fifteen new lines have been added to the 
list. The wave-lengths of these range from 2928*0 to 2870‘0. 

A comparison of tho absorption spectra of sodium and potassium 
vapours shows a close correspondence between them, and this is 
regarded as evidence that the mechanism involved in the two cases is 
tho same. H. M. D. 

Absorption Spectra of Various Salts in Solution, and the 
Effect of Temperature on Such Spectra. XXVI. Harry C, 
Jones and W. W. Strong (Auier. Chem. 1910, 43, 37 — 90). — A 
detailed account is given of an investigation of the absorption spectra 
of various potassium, uranium, and neodymium compounds by the 
methods employed by Jones and Uhler (Abstr., 1907, ii, 147, 211, 
212) and by Jones and Anderson (Abstr., 1909, ii, 197, 359). The 
absorption spectra of potassium ferrieyanide, ferrocyanide, chromate. 



H 88 ABSTRACTS OF CHEMICAL PAPERS. 

and dichromate, and of* uranyl acetate, bromide, chloride, nitrate, and 
sulphate in aqueous sdutioh* of uranyl acetate, nitrate, and chloride in 
methyl alcohol,' and of uranyl nitrate and chloride in ethyl alcohol are 
recorded. The effect of dehydrating agents, such as calcium and 
aluminium chlorides, has been determined. Photographic records 
have been obtained of the absorption spectra of uranous chloride and 
sulphate, and the absorption spectra of neodymium chloride in glycerol 
and in mixtures of glycerol and water have been studied. The effect 
of changes of temperature of solutions of various salts at different 
concentrations has been investigated, and spectrograms for a giv ea 
concentration of a salt have been made at 0°, 15 , 30 , 45 , 60°, 75°, 
and 90° for a layer of constant thickness. 

The absorption spectra of the uranyl salts contain a series of bands 
in the blue and violet which aro usually diffuse. The position of the 
^ uranyl bands is not affected by dilution. In methyl and ethyl alcohol, 
the bands of each particular salt occupy different positions. A new 
set of fine bands in the green has been discovered in the spectrum of 
aqueous solutions of uranyl chloride ; the presonce of a small quantity 
of aluminium or calcium chloride causes them to disappear. 

The absorption spectra of the uranous salts are quite different from 
those of the uranyl compounds. 

The absorption spectrum of neodymium chloride in glycerol differs 
entirely from that of an aqueous solution. 

The intensity of the phosphorescence of the same uranyl salts 
obtained from different solvents by evaporation i3 found to vary 
greatly. Monochromatic stimulation fails to excite phosphorescent 
bands until the wave-lengths reach the region of the uranyl bands. 

The N0 3 group has a great influence on the frequency of the uranyl 
and uranous absorption bands, and of the uranyl phosphorescent 
bands. ® 1 

A Relation between Absorption and Phosphorescence. 
L. BrUninghaus ( Compt . rend. , 1909, 149, 1 1 24 — 1 1 27). The 
absorption and phosphorescence spectra of the rare earths are dis- 
continuous, consisting generally of narrow bands. In the absorption 
spectra, groups of absorption bands are separated by regions of trans- 
parency whereas in the phosphorescence spectra the regions of emission 
are separated by dark regions. Taking the spectra of praseodymium, 
erbium, dysprosium, terbium, and samarium as examples, the author 
shows: (1) that the mean regions of emission are generally little 
separated from the mean regions of absorption, and (2) that the 
regions of emission do not coincide with the regions of absorption, but 
with the transparent regions (either those between the groups of 
absorption bands or those outside them). There is thus an alternation 
between the groups of absorption bands and those of phosphorescence. 

The results obtained with compounds of the common elements, suen 
as manganese, chromium, iron, copper, etc., confirm those given above 
In general, these substances phosphoresce with a colour which is littu. 
different in shade from their colour by reflected or transmitted light- 
For example, chromium sesquioxide when dissolved in alumina gives 
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the ruby, which phosphoresces with a red light ; when dissolved in 
lime it is green, and the phosphorescence is'green; 

It seems as if,, the light emanates from u phosphor ogonic '* molecules 
in the interior of ^b© phosphorescent substance. This light under- 
goes absorption in the superficial layers, and the radiations observed 
at the surface are only those for which the (< phosphorogenic " 
substance is relatively transparent. T. S. P. 

Theory of the Law of the Optimum of Phosphorescence 
L. Bbuninghaus (Compt. rend., 1909, 149, 1375— 1377.)— Making use 
of the ideas put forward in a previous paper (preceding abstract), the 
author develops a relation connecting the intensity (/) of the radiation 
comprised between two wave- lengths, X and X + JX, which are very 
close together, and the concentration (c) of the phosphorogenic sub- 
stance in a phosphor. The relation is I—kceT 1 *, where Jc and B are 
constants, B depending on the phosphorescent substance. T. S. P. 

Electrolytic Conductivity of Fluorescent Solutions. A. 
Bassenfosse (Bull. Acad, roy . Bdg., 1909, 995 — 1107). — According 
to the theory of do Heen, the conductivity of a fluorescent solution 
should depend on the light to which it is exposed. Experiments on 
solutions of fluorescein and eosin show that the conductivity is a 
maximum when they are submitted to the action of light which is 
absorbed by them, green in the case of fluorescein, and yellow in the 
case of eosin. Blank experiments on solutions of potassium chloride 
proved that the conductivity does not vary under the action of light 
of different colours, and also that the observed variation in the case of 
the fluorescent solutions is not a thermal effect. T. S. P. 

Luminescence of Crystals. Alfredo Pociiettino (Nuevo 
Cim&nto, 1909, [v], 18, 245 — 300. Compare Abstr., 1905, ii, 430). — 
The phenomenon of luminescence has been investigated for 227 
specimens of crystals representing 78 kinds of minerals. Several 
methods of exciting luminescence were used ; the more important 
results were obtained with c&thodo luminescence, hut the anodic 
luminescence, fluorescence, phosphorescence, and thermoluminescence 
of the crystals were also investigated when thoy occurrod. 

In many cases the nature of the luminescence dopends upon the 
method of excitation, thus .for distene the ordinary phosphorescence 
and the cathode luminescence are of different colours, and in the case of 
calcite the ordinary fluorescence is polarised and the cathode lumines- 
cence is not. The nature of the spectra of the cathode luminescence is 
in many cases independent of the E.M.F. applied to the vacuum tube, 
but the intensity of the luminescence is generally greater the greater 
the applied E.M.F. , provided the crystals undergo no permanent 
changes under the influence of the rays. There does not appear to he 
any definite connexion between the luminescence of crystals and their 
mineralogical relationships ; even crystals of the same substance 
from different sources may show luminescence of different colours, 
and some specimens of quartz show luminescence whilst others do 
not. 
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Many observations have be^n made on the orientation of the pl aile 
of polarisation of the polarised part of the luminescence. The mineral 
milerite is dichroic, greenocite shows double cathodic luminescence 
and the light emitted from the face of crystals of cassiterite parallel 
to the z axis is totally polarised. With one exception, the famines, 
cence emitted from crystals of the rhombohedric system is ^ 
rectilineally polarised. The greater the exhaustion of the vacuum 
tube the more completely is the luminescence polarised, and, in general 
all causes which tend to diminish the total intensity of the li«]^ 
emitted diminish the degree of polarisation of the light, 

The effect of cathode rays on the minerals is discussed. Many 
minerals become brown under these conditions, and on the faco of a 
crystal directly exposed to the rays a stain made up of differently 
coloured concentric rings is sometimes observed. On continued 
exposure to cathode rays, the capacity of a crystal to become luminous 
by excitation of the rays diminishes, and this diminution may he 
temporary or permanent. Fewer substances are rendered luminous 
by anode rays than by cathode rays, and every mineral so far 
examined which shows anodic luminescence can also be rendered 
luminous in some other way. In all cases the luminescence due to 
anode rays is weakest, less durable, and less polarised than that 
produced by cathode radiation under corresponding conditions. 

0. S. 

Dependence of the Photo-electric Effect of the Alkali 
Metals in Polarised Light on the Wave-length. Robebt 
Poiil ( Her . Deut. physikal. Ges., 1909, 715—722). — Experiments with 
an alloy of potassium and sodium and ultra-violet radiation of short 
wave-length show that the photo-electric behaviour of the alkali metals 
in polarised light is the same as that observed in the case of other 
metals. II- M. D. 

Theory of the Ripening Process of the Silver Haloids. 
A. P. H. Trivklli (Zeitsch. iviss. Photochem., 1910, 8, 17 — 24). — As 
the result of a microscopic examination of ripened silver haloid plates 
of high sensitiveness, the author concludes that the ripening process is 
due to the development of definitely recognisable crystalline structure. 
In consequence of this structural change, the silver haloid is in a 
condition of strain, and in consequence is less stable than in the 
unripened condition. The smaller degree of stability is supposed to 
.be the cause of the greater photo-sensitiveness. H. M. D. 

New Determinations of the Radioactivity of the Thermal 
Waters of Plombieres. Andre Brochet {Com.pt. rend., 1910, 150, 
145 — 148). — The author has redetermined the radioactivity of the 
waters of Plombieres (compare Abstr., 1908, ii, 143). Hie radio- 
activity of the gases spontaneously liberated from the various watery 
was measured, and then the latter were agitated with an equal 
volume of air, and the radioactivity of the latter measured in the 
apparatus of Cheneveau-Laborde. The tabulated results give the 
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altitude of the spring, the outflow per twenty-four hours, mean 
temperatures in 1859 — 1861, Sept., 1908, and August, 1909, the total 
solids per litre, the radioactivities in milligram- minutes per 10 litres 
of the gases and the waters, and the total radioactivity for twenty- 
four hours. 

The waters are strongly radioactive, the radioactivity being due to 
radium emanation. The total radioactivity of the 22 springs is 
74620 milligram -minutes for an average outflow of 67244 cubic metres 
of water per twenty-four hours. The average radioactivity is 1*11 
milligram-minutes per 10 litres, the Lambinet water being the most 
active (2*18). It is calculated that 55 — 60 mgms. of radium bromide 
are contained in the total output of water per minute (507 litres). 
This quantity is defined as the radioactive 'power of the Plombi&res 
waters. T. S. P. 

The Recoil of Radium-C' from Radium- B. Walter Makoweu 
and Sidney Ross (Phil. Mag., 1910, [vi], 19, 100 — 115. Compare 
Absfcr., 1909, ii, 455). — Tho activo deposit of radium on a platinum 
plate was mounted opposite a metal disc in an exhausted tube for 
some minutes, so that tho disintegration products recoiling from the 
plate would be received on the disc. The plate was first freed from 
adhering emanation and from radium-X by heating at 360° in a vacuum 
for half an hour before use. It was found that, in general, both 
radium-5 and -G were radiated to the disc, but if three hours elapsed 
between the preparation of the active deposit and the recoil experiment, 
only radium-(7 was obtained. They consider that the radiation of 
radium-(7 may not in all cases be a primary recoil effect, but due to 
mechanical disturbance produced by the recoil of radium 5. Tho 
amount of radium-C* recoiled varies with the same plate with the time 
in an unexplained manner, and is always small compared with the 
amount of radium-5 recoiled. Since radium- 5 gives only a 
jfl-particle, it is to be expected that radium-C will recoil with far less 
energy than radium-5, which results from the recoil of the a-ray- 
expelling radium-X. But the energy of tho recoiling radium-5 atom 
is apparently far greater than theory would indicate. Its power of 
penetrating air is about l/40th of that of recoiling radium- 5. 
Attempts to detoct an electric charge on the recoiling radium-C atom 
have failed (compare JYTakower, Abst-r., 1909, ii, 4o6 \ Le Radium, 
1909, a, 50). F * s * 

Disengagement of Emanation from Radium Salts. 
L. Kolowrat (Le Radium, 1909, 6, 321. Ce— r —. Ahstr., 1907, ii, 

729). The paper is devoted to a detailed reconsideration of many of 

the points previously discussed. The anomaly encountered, in that 
the disengagement of emanation from radiferous barium chloride 
decreases with rise of temperature from 830° to a minumum at 920 , 
and then increases again quickly to the m. p, at about 950°, is probably 
explained by Plato’s observation of the existence of two forms of barium 
chloride with transformation point 34*4° below the m. p. (Abstr., 
1907, ii, 239). Similar behaviour of barium fluoride indicates a 
similar polymorphic transformation between 1000 u and 1100 . 
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Additional salts studied comprise potassium nitrate, silver chloric 
and caesium nitrate. Nineteen series of experiments -have been 
on the growth with time of the amount of emanation retained by the 
salts at varying temperatures, after complete initial removal of ^ 
emanation by fusion, both when the temperature is maintained andal So 
when during part of the time the salt is not heated. The results are 
interpreted on the view that a definite temperature, different for diff er . 
ent molecules, exists for each molecule of emanation formed within the 
salt, below which it is retained. The amount of emanation retained at 
any temperature is the sum of all*the molecules the temperatures of 
disengagement of which are above that temperature. No evidence of 
any want of homogeneity of the emanation disengaged at different 
temperatures was obtained (compare Kutherford, Abstr., 1909 ii 
457; Debierne, ibid., 534). P. ’ 

Nature of the Ionisation of a Molecule by an a-Particle. 

R. D. Kxeeman ( Proc . Roy . Soc., 1910, 83, A , 195 — 199).— If the 
energy of ionisation is derived from the kinetic energy of the a-particl^ 
the electrons ejected from molecules should on the whole possess a 
a motion in the direction of the a-particles. In the experiment 
designed to test this, a-particles from a plate covered with polonium 
were passed through a very thin aluminium foil, and fell on a parallel 
aluminium plate in hydrogen and also in air at a low pressure. If 
the emergent electrons from the foil are more numerous than the 
incident electrons from the plate, when an electric field is applied 
between the foil and plate, the current should be larger with the 
foil negative than vice versa, and this difference should be the more 
marked as the potentials are increased. Experiments in hydrogen at 
0*8 mm. pressure show a well marked difference, increasing rapidly as 
the voltage is increased above the point at which the expelled 
elect rons acquire sufficient velocity to ionise by collision. The experb 
ments support the view that the energy of ionisation is derived from 
the ionising agency, not by (< trigger ” action, from an internal store 
in the molecule ionised. F. S. 

The Number of a Particles Expelled from the Actinium and 
Thorium Emanations. H. Geiger and E. Marsden (PhysihlL 
Zeitsch., 1910, 11, 7 — 11. Compare Bronson, Abstr., 1908, ii, 792).— f 
By a further development of the method of counting a-particles by the 
scintillations produced in zinc sulphide, interesting confirmation and 
extension have been obtained of Bronson's conclusion that the thorium 
emanation must give at least four a-particles and the actinium 
emanation at least two a-particles on disintegration. The number of 
scintillations produced by the emanation and active deposit together 
in equilibrium and by the active deposit alone, after the supply of 
emanation has been stopped and the emanation allowed to decay, is 
as 3 to 1 both for thorium and actinium, showing that the emanation 
produces twice the number of a-particles produced by the active deposit. 
The thorium active deposit is known to produce two a-particles. 
[A similar conclusion in the case of the actinium active deposit 
(compare Blanquies, Abstr., 1909, ii, 634) is not referred to.] 
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Emanation was allowed to diffuse between two parallel zinc sulphide 
screens placed close together, film side inwards, and the number of 
scintillations on exactly opposite portions of the two screens counted 
simultaneously by two observers with two microscopes. For actinium 
emanation a very large proportion of the scintillations, up to 66 %, 
occurred in pairs, showing that two particles are expelled simultan- 
eously or a least with less than 01 second between them. With 
radium emanation and active deposit in equilibrium, only 2 to 4% of 
pairs was observed. For thorium emanation it was established that 
the four a-particles expelled were not simultaneous. A large number 
of cases of successive scintillations in similar parts of the field 
were observed, with a time interval between the two scintillations 
from half a second to an unmeasurably short time. This occurred 
even when extremely few scintillations were produced. The existence 
of at least one ’short-lived a-ray product in the thorium series, 
with a period of average life of about 0’2 second, is indicated, but full 
elucidation of this case is not yet arrived at. F. S. 

The Absorption of Cathode Rays of Different Velocity in 
Helium. James Robinson ( Pkysihd . Zeitsch., 1910, 11, 11 — 13). — 
The cathode rays obtained by the action of ultra-violet light on a 
negatively charged plate were employed. The velocity of the rays 
was varied by varying the charge on the plate. With decreasing 
velocity of cathode rays the absorption by gases attains a maximum. 
In hydrogen the maximum is reached more suddenly and at lower 
velocity than in other gases. In helium, the absorption with 
decreasing velocity increases at first only very slowly down to far 
smaller velocities than for other gases. The absorption then rises 
with great abruptness to the maximum. Helium thus resembles 
hydrogen, but the peculiarities shown by the latter gas are even more 
marked in helium. F. S. 

Contact Electrification. Albert Grumbauh (Compt. rend., 1909, 
149, 846—848. Compare Gouy, Abstr., 1906, ii, 652).— According to 
Helmholtz the contact potential of a liquid with glass is proportional to 
ppj v E, where E is the EJLF. acquired by the liquid of viscosity v) and 
resistivity p in passing through a glass capillary tube uuder pressure P. 

The author finds that in a W/lOOO-solution of potassium chloride in 
water E , is strictly proportional to P. The addition of 5*6% of phenol 
to the solution increases the viscosity 77 in the ratio 1 : 1 09, but does 
not alter the conductivity. The capillary E.M.F., however, undergoes 
a marked reduction. In two series of experiments the addition of 
phenol altered the contact potential in the ratios 1 :0'80 and 1 ’0 <8 
respectively. C ’ 

Dielectric Properties of the Elements. Dimitri K.Pobroserdoff 
(J. Russ. Phys. Ghem. Soc , 1909, 41, 11 64 — 1171).— As usually 
determined, the dielectric capacity K refers to large wave-lengths, an 
the index of refraction, to very small wave-lengths, and, m order to 
test Maxwell’s law, >i 2 = A, it is necessary to obtain values of n and A 
referring to comparable conditions. The value n 0 0 of n foi very arge 
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wave-lengths may be calculated by means of Cauchy’s form,,] 
n = A + i?A -2 4- CAr 4 , where = A. But this process of extrapola^ 
gives results agreeing with the experimental values only when A vari * 
within narrow limits, so that the values of thus obtained nj Us ? 
necessarily be somewhat inaccurate, and it is found that n 2 00 and 1 
have identical values only in exceptional cases. 

A list is given of the values of and K for such elements 
have been previously investigated, and in all cases the differences 
between the two are considerably less than those observed for comply 
liquids and solids. These results confirm Schmidt’s view (Ann. Phtixil 
1902, [iv], 9, 919) that, in the elements, the molecules have an 
especially simple structure. 

The dielectric constants of the non-metals increase with the valency 
in any horizontal row of the periodic system and with the atomic 
weight in any vertical column. For helium, fl-= l'00003f5 or 
n 2 = 1 000075, whilst K has the value 1*000074. For the other rare 
gases of the atmosphere, the calculated values .of K (n 2 ) show a 
continuous increase with the atomic weight. Determinations of the 
dielectric constants of the metals are insufficient in number to allow of 
any similar regularity being observed. T. EL p, 

Quantitative Relations between the Dielectric Constants 
and other Properties of Substances. Dimitri K. Dobrosekdoff 
{J. Russ. Phys. Chem. Soc 1909, 41, 1385 — 1406). — The author has 
investigated the validity of various relations between the dielectric 
constant and other physical constants which have been suggested by 
various investigators. It was shown by Obach (Abstr., 1892, 158) 
that for the members of certain homologous series of organic 
compounds, proportionality exists between the dielectric constant and 
the latent heat of evaporation, or p/K= const,, the actual magnitude 
of the ratio being different for different series. The author has 
calculated the value of the ratio for organic compounds belonging to 
nine homologous series, the mean and limiting values found being as 
follows: (1) propionic esters, 15*20 (14*84 — 15*39); (2) butyric esters, 
15*41(15*04 — 1D*7S) ; (3) valeric esters, 15*56 (15 03 — 16*27); (4) 
ketones, 6*00 (-4*95 — 7*1) ; (5) alkyl derivatives of benzene, 31 Oi 
(29*73 — 33*02); (6) aliphatic acids, 39*55 (39*06 — 40*05) ; (7) nitriles, r 
5*65 (4*7—7*31); (8) amines, 25*47 (25*0—26*0); (9) alkyl halogen 
compounds, 6*61 (6*32 — 6*95). The values obtained by Obach were: 
(10) formic esters, 11*85 (11 03 — 12*78); (11) acetic esters, 13*72 
(13*26 — 14*20); (12) ethyl esters of fatty acids, 13*34 (11*15 — 14*20); 
(13) monohydric alcohols and water, 7*41 (6*22 — 7*91), the values for 
isopropyl (6*14) and cetyl (9*1) alcohols being of doubtful accuracy. 
The mean of the values obtained for groups (13), (7), (4), and (9) is 
6*46; for groups (10), (11), (1), (2), (3), and (12), 14*18; for group 
(8), 25*47 ; for group (5), 31, and for group (6), 39*55, these numbers, 
6*46, 14*18, 25*47, 31, and 39*55, being approximately in the ratios of 
1, 2, 4, 5, and 6. AVhen all the other compounds (inorganic as well) 
for which the values of p and K are known are included, the values 
of the constant have the approximate proportionate magnitudes: 
0*5 : 1 : 2 ; 3 ; 4 : 5 ; 6. The chemical nature of any particular compound 
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seems to have no appreciable influence in determining to which 
group it belongs, members of one group being compounds completely 
different as regards their chemical characters. 

The relationship between dielectric constant and chemical constitu- 
tion of a dielectric given by Thwing (Abstr., 1894, ii, 374), and 
expressed by the equation : K=d(a l K l +aJC 2 + . . .)fM (where d is the 
density, and M the molecular weight of the compound, . . . the 
atoms or atoinfifc groups of the same kind composing the molecule, and 
K V K S . ■ • • the dielectric constants of the atoms or groups), is not 
confirmed by the experimental numbers collected by the author. 

The relation discovered by Lang (Abstr., 1896, ii, 144) for gases, 
namely, {K - l)10 6 /£= const. = 123(116 — 145) {S being the sum of tho 
valencies of the atoms constituting the molecule of the gas), holds 
only, as far as can be ascertained, at 0 J and 760 mm. pressure for the 
six gases obeying Maxwell’s law, K=n 2 . T. H. P. 

The Conductivity of Mixtures of Dilute Solutions. J. A. 
Gardiner {Trans. Roy. Soc. Canada , 1908, [iiij, 2, iii, 37 — 52). — Burton 
has recently shown that a fall in the conductivity of the solution 
occurs when dilute hydrochloric acid is added to a colloidal solution of 
silver or to a dilute sulution of silver nitrate. If the ordinary law of 
electrolysis were followed, a rise in the conductivity should occur. 

The author’s experiments show that as a Nj 10,000 solution of 
hydrogen chloride is added to water, there is, at first, very littlo 
change in tho conductivity of tho solution, bub as the acid solution 
becomes more concentrated, the conductivity gradually increases. On 
the addition of hydrochloric acid to silver nitrate of various dilutions, 
a drop in the conductivity was observed. When, however, a 
[39*5x10“" normal silver nitrate solution was reached, this effect 
: disappeared. A similar drop in the conductivity was observed when 
a dilute nitric acid solution was added to a dilute silver chloride 
) solution. The conductivity of a silver nitrate solution steadily 
; increased with the concentration. 

It is suggested that the abnormalities hero recorded may be duo to : 

: (1) the absorption of hydrogen by the platinum electrodes ; (2) 

. the hydrogen ion attracting to itself the neutral silver chloride, and 
f becoming loaded so that its mobility falls below that of the silver ion 
which it displaces. E. J. B. 

Cadmium Chloride Concentration Cells. Eugen yon Biros 
and B. P. Aphanassieff (/. Russ, Rhys. Chinn. Soc 1909, 41, 
1175 — 1182). — The authors have measured the E.M.F. of cadmium 
chloride concentration cells with and without transport of the cation. 
In the first case, silver chloride electrodes prepared by J ahn’s method 
were used, and one of the solutions had the same concentration and 
the other different concentrations for the different cells. The curve 
connecting the log. of the number of grams of salt per 1 gram’ of 
water in the variable solution with the E.M.F. , calculated for 
1 equivalent of salt per litre in the constant solution, exhibits a 
spread-out maximum for solutions containing 6 — 8 equivalents of salt. 
This maximum corresponds with solutions in which the transport 
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number of the catioD is zero. A line drawn parallel to the axis of j 0# 
concentrations, cuts the curve in two concentrations, which would 2 :°“ 
a cell hapiog a zero E.M.F., although diffusion would occur, if ^ 
concentrations of the two solutions are below the maximum point 0 
the curve, the positive electricity is directed from the more con 
centrated to the more dilute solution; that is, with the diff Us j otl 
current, whilst if the concentrations are greater than the maxima 
the reverse is the case. ’ 

With cells without transport, the curve connecting F.M.F. and ] 0[ , 
of the concentration is approximately linear for solutions conlaioinp 
l-r-3 equivalents of cadmium chloride, but for higher concentrations 
it becomes more complex. The curve does not, however, show any 
the peculiar bends observed by Godlewski (Absfcr., 1902, ii, 445 J 
whose observations are inaccurate, owing to irreversible processes at 
the electrodes of which he took no account. 

The transport numbers for the anion and cation are calculated the 
values for the former agreeing well with those obtained by Hittorf’g 
method (compare Abstr., 1908, ii, 145, 250). Concentration cells with 
concentrated solutions hence show the same diffusion phenomena as 
are observed in those with dilute solutions, and Nernst’s theory of 
diffusion of electrolytes is justified as well for concentrated as for 
dilute solutions {Joe. cit.). T. H. P, 

ftapid - Formation of Positive Lead Accumulator Plates, 
Gerhard Just, Paul Askenasy, and B. Mitrofanoff (Zeitseh. Eltkro- 
ehem. f 1909, 15, 872 — 892), — The effect of repeatedly charging and 
discharging lead plates immersed in sulphuric acid and in mixtures of 
sulphuric and nitric acids is investigated. In presence of nitric acid 
the attack on the plates is much more rapid, lead sulphate being first 
formed. This is subsequently oxidised to lead peroxide. With 
smooth plates, however, it appears to be impossible to obtain a 
sufficiently adherent, coating of lead peroxide ; with plates built up of a 
large number of small lead sheets, so as to give a large surface, good 
results were obtained. In the solutions containing nitric acid, lead/ 
nitrate is formed at the anode, and this is converted into lead sulphate 
at some distance from the surface of the plate. This distance 
increases as the concentration of the nitric acid increases and that of 
the sulphuric acid diminishes. When it is sufficiently small, an 
adherent deposit is obtained ; when it is greater a loose deposit is 
formed, and when it is greater still, a precipitate of lead sulphate is 
produced in the solution. A solution containing 30 grains of 
. potassium nitrate and 218 grams of sulphuric acid per litre appears 
to give the best results. T. E. 

Volatilisation of Cathodes. VI. Volkmar .KohlschCttbr 
{Zeitseh. Elektrochem ., 1909, 15, 930 — 937). — In reply to the 
cri|icisra of Starck and Fischer (Abstr., 1909, ii, 718), the author 
says that between the value of the cathode fall of potential at which 
volatilisation begins and the higher value at which it ceases to 
increase proportionally to the cathode fall, the volatilisation is quite a 
definite reproducible quantity ; the relation of the quantity volatilised 
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to the atomic weight of the metal is too striking to be regarded as 
accidental. He inclines to regard Starek’ 's theory of tlm phenomena 
ftS a distinct advance. 

| ffew experiments with gold and platinum in oxygen and with 
platinum in air are described. Satisfactory measurements could not 
,e made in these gases with other metals, because they react with the 
ms in circumstances which cannot be controlled. The chemical 
faction causes, the discharge to become intermittent, which is 
ndicated by a telephone in the circuit. In oxygen the regular 
volatilisation is observed between 440 and 1200 volts cathode fall for 
'old and between 500 and 900 volts, for platinum. X. E. 


Electrode for Determining the Concentration of the C0 3 " 
ion and the Condition of Silver Carbonate in Solution. James 
Spencer and Margaret Le Pla ( Zeitsch . anorg. Ckem., 1909, 65, 
10— 15). — Pure silver carbonate is best prepared by adding a dilute 
solution of sodium hydrogen carbonate to a concentrated solution of 
silver nitrate, stirring continuously. A silvered platinum, wire, covered- 
ivith the freshly precipitated carbonate, has a constant potential. 
With pure sodium carbonate solution as the electrolyte, the value 
Ag. Ag 2 C0 3 .W/l-C0 3 "= -h 0*7545 volt is found, and the concentration 
)f the CO." ion, c\ is found in any solution by the relation c = 0'7545 
-0 ‘02 9 log. c. The solubility of silver carbonate in water at 25° ' 
is thus found to be 1*16 x 10“ 7 mol. per litre (compare Abegg and Cox, 
A.bstr,, 1904, ii, 256), and the salt is almost completely hydrolysed. 

c. ii. D. 


Investigation of Electrolysis with the Ultramicroscope. 
J. J. KossoNoaorr {Pkysilad. Zeitsch., 1909, 10, 976 — 986). — An 
arrangement is described by means of which the author has applied 
the ultramicroscope to the examination of solutions through which an 
electric current is passed. When a current is started through a 
solution of silver nitrate or copper sulphate, a very considerable 
increase in the number of bright points in the field of view of the 
ultramicroscope is at once observed. The view is put forward that 
these are associated with the ionic carriers of the electric current. 
In support of this it is found that ultramicroscopic effects of a special 
kind are observed when the potential difference between the electrodes 
[is raised to that which corresponds with the tension of decomposition. 
In the case of the above-mentioned solutions, the attainment of the 
critical potential difference is accompanied by a very special dis- 
tribution of the bright points in the neighbourhood of the cathode. 
At a short distance from this electrode, and parallel to it, a zone can 
be distinguished in which the bright points are very closely crowded 
together. Between this special zone and the electrode itself is a region 
which is almost entirely free from bright points. This is supposed to 
correspond with the dark cathode space in gaseous discharge. The 
appearance of this effect at a particular .voltage affords an optical 
; method of determining decomposition tensions. 

Similar effects have also been observed at the anode in other cases. 

H. M. T). 
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Electrolytic Oxidation of Ammonium Carbonate, p 
Fighter and Hans Kappeleu (Zeitsck. JSlektrochem,, Pl j^ 
937 — 943, Compare Brochet and Boiteau, Abstr., 1909, ii, 

A solution of ammonium carbonate containing 3*669 gram-moleH 
of ammonia and 2*494 molecules 'of carborT dioxide per iit re 
electrolysed between platinum electrodes at temperatures from 20° ^ 
and with anodic current densities between 0*027 and 0*731 am D 
per sq. cm. Ammonium nitrato is the principal product ; neii}/ 
carbamide nor nitrite could be detected. The experiments v ! 
always stopped when a comparatively small quantity of the ammoniu* 
carbonate was oxidised. The gases evolved contained carbon dioxide 
ammonia, oxygen, and hydrogen ; nitrogen was not found. I n . ' 
open vessel the yield increases with tlio current density ami with the 
temperature. In a closed vessel, however, very much worse yield - 
were obtained ; this is due to the fact that in an open vessel the 
solution loses ammonium carbonate rapidly, and dilute solutions 
better yields than more concentrated ones. The best results were 
unally obtained with a current density of 0*4 to 0'6 ampere per sq.cm 
a temperature of 50 — 60°, and a solution containing about 2 niols. of 
ammonia per litre, the ratio CO s /NH 3 being 0*27 ; in these m-. 
cumstances the current efficiency is from 82% to 97%. A solution of 
ammonium tetraborate gives very similar results. T. K. 

Electro-catalysis. D. Alexkekf (J. Russ. Phyg. Chetn . Hoc., W 
41 , 11 55 — 1160). -By the electrolysis of ammonium sulphate with 
lead peroxide electrodes, nitrogen, oxygen, and nitrous oxide are 
evolved, bub neither nitrite nor nitrate is formed in tho solution, 
Hence the oxidation of the ammonia does not proceed further than 
the stage NH(OH).,, tho anhydride of which is nitrous oxide, 
hydroxylamine forming an intermediate oxidation product. The 
evolution of nitrogen occurs according to the equation : M11,,*0H+ 
NH(OH)o = N 2 + 3H a O. That the nitrogen and nitrous oxide 
developed do nob arise by the formation and subsequent decomposition 
of ammonium nitrite and nitrate is shown by experiments on the 
oxidation of hydroxylamine (vide infra). 

With solutions of ammonium sulphate containing sulphuric acid, 
electrolysis with lead peroxide electrodes yields only nitrous oxide 
and oxygen, whilst if the ammonium sulphate solution contains 
ammonia, pure nitrogen is obtained. In the latter case, the form- 
ation of KHj'OH predominates over that of (XOIl).„ the reaction 
2NH 2 *OII + (NOH)., — y 2N. 7 + 4H 2 0 occurring in preference to 
(NOH) 2 -~> N,0 + H 2 <>. 

The reaction between lead peroxido and hydroxylamine proceeds 
according to one or the other of tho two equations: 2N14y01Ii 
Pb0 2 = PbO + N 2 + 3 H 2 0 and 2NH 2 * OH + 2PbO, = 2PbO + X 4 0 + 3EA 
according to whether the hydroxylamine or the peroxide is in excess. 
In practice, as is shown by a study of the products obtained when tie 
reaction takes place in absence of air, a mixture of the two gases is 
always obtained ; the amounts actually formed in two cases were: 
(1) 22% N 2 0 and 78% N,, and (2) 30% N*0 and 70% N r 

Thus, lead peroxide is a typical catalyst, with tho peculiarity that 
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one*half of its action is a chemical and the other a physical process. 
The formation of nitrogen and nitrous oxide at lead peroxide electrodes 
is hence a typical electro-catalytic process. X. H. ]? 

Manganese, Aluminium, and Copper. Friedrich Hecsler 
and Franz Richarz (Zeitsch. anorg , Chem. f 1909, 65, 110—112. 
Compare Ross and Gray, Abstr., 1909, ii, 859).— The fact that certain 
manganese-aluminium bronzes, heated above 200° and slowly cooled, 
become strongly magnetic, but have considerable hysteresis, has been 
observed previously by Heusler and by Asteroth. C. H. J). 

Magnetic Dichroism of Siderite in Liquids. Georges Meslin 
(Compt. rend., 1909, 149, 855 — 857. Compare Abstr., 1909, ii, 529). 
— Siderite, suspended in carbon disulphide or aniline, exhibits 
magnetic dichroism to such a high degree that the phenomena can be 
seen with an ordinary permanent magnet or the residual magnetism 
of an electromagnet. The suspensions are also slightly diehroic 
spontaneously. 

A method of demonstrating dichroism by the optical lantern is 
described. R, j , c. 

Magnetism of Solutions. Paul Drapier (/. Chim. Phys. y 1909, 
7, 385 — 404. Compare Pascal, Abstr., 1908, ii, 927). — The author 
has examined the behaviour of a number of solutions when placed in 
a flat, vertical cell between the pointed poles of a powerful electro- 
magnet. If the liquid has paramagnetic properties, it tends to move 
radially in a plane perpendicular to tho lines of force, and thus forms 
a tumulus or convexity at the surface. This convexity is much 
accentuated in aqueous solutions when the surface-tension is lowered 
by adding a layer of ether or benzene. 

An aqueous solution of ferric alum or ferric chloride shows a 
convexity even when only \% of ferric salt is present, hut a solution 
of the same concentration in ether is unaffected. 

Ferric ammonium oxalate is but slightly affected, and colloidal ferric 
hydroxide, potassium feirocyanidc, and potassium ferricyanide are 
unaffected. 

If a solution, of ferric chloride in ether is floated on water, a 
striated layer is produced, which, in the Held, bends downwards into 
the water, the striae being displaced horizontally. Displacements are 
also observable if precipitated ferric hydroxide or air bubbles are 
suspended in the paramagnetic fluid. 

Dilute manganese sulphate gives a marked convexity, but potassium 
permanganate none. When ether is poured on the latter solution an 
intermediate layer is formed, containing ether, water, manganese 
sulphate, and precipitated manganese dioxide, which is extremely 
sensitive to the magnetic field, owing to manganese sulphate and, 
perhaps, to free oxygen occluded in the precipitate. 

Cobalt and nickel hydroxidos precipitated by ammonia are also 
very sensitive to the magnetic field. 

Chromium sulphate, cobaltous chloride, and nickel nitrate are 
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paramagnetic ; potassium dichromate, potassium cobaltievanirt 
titanium sulphate, and platinum chloride are not. “ e ’ 

The author’s observations confirm the conclusion arrived at K 
Pascal by a different method, that as a magnetics metal becomes 
and more removed from its normal (ionised) state, it loses its ^ 
magnetism. 

The magnetic capillary rise of solutions of ferric alum and f err ; 
chloride of 5, 7£, and 10% strengths was investigated. On increasin' 1 
and decreasing the exciting currents between 0 and 10 amperes^ 
marked hysteresis was found in the capillary rise, apart from the 
usual hysteresis of the magnet. This effect is supposed by the author 
to be true liquid hysteresis. R, j q 

Use of the Magnetic Field as a means of Determining Con- 
stitution in Organic Chemistry. II. and III. Paul Pascal 
(Bull. Soc. chim 1009, [iv], 5, 1110—1118 ; 1910, 7, 17—28. Oman 
Abstr., 1909, ii, 487, 788, 859). — Part of this work has been published 
already. From comparisons of the magnetic susceptibility of oxygen 
in a series of oxygenated carbon compounds, the conclusion is drawn 
that the value is — 48 x TO -7 where oxygen is joined to two different 
carbon atoms, — 35 x 10“ 7 where it is doubly linked to a carbon 
atom, the latter ‘being itself joined to two oxygen atoms (as in 
carboxylic acids), aod +18x 1()“ 7 where a single oxygen atom is 
doubly linked to carbon (as in aldehydes and ketones). A compara- 
tive list of (1) experimental, molecular, magnetic susceptibilities, and 
of (2) values calculated from the data given above, shows close con- 
cordance. The application of these rules to the case of paraldehyde 
lends support to the Kekule formula for this substance. 

Apart fiom the above effect due to the method of linking of oxygen, 
the value of the magnetic susceptibility of the latter is also influenced 
by the general structure of the rest of the molecule, and especially by 
the presence of (1) tertiary or quaternary carbon atoms, (2) double 
linkings. The first of these effects is marked when the disturbing 
atom is in position a or y, and more so in positions 8 and e, but is 
very small in £, or y, and ceases beyond position 0 . The presence of 
a double linkage shows itself in an analogous maimer, and a table of 
corrections for the effect of double linkings in several positions is 
given. 

The second group of conclusions lends support to Bayer’s strain 
hypothesis, provided the carbon chain is regarded as having a roughly 
spiral form. 

. The influence of the hexamethylene nucleus ou the magnetic susfeep- 
tibility is estimated at + 31xl0“ 7 , and with this correction the 
calculated value for cineol, according to Briihl and Wallach’s formula, 
agrees with that determined experimentally. 

Sulphur has the value - 156 x 10“ 7 , and retains this in most of its 
organic derivatives, but in thioacetic acid the atomic susceptibility of 
the oxygen atom is - 15 x 10" 7 , as against - 35 x 10~ 7 for the same 
oxygen atom in acetic acid, the greater effect in the former case being 
due to the presence of the sulphur atom. 

The normal value for nitrogen is - 58 x 10 -7 , but in a cyanogen group, 
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01 - where nitrogen, is directly attached to a benzeno nucleus, the value 
becomes - 48 x 10~ 7 . In closed chains containing carbon and nitrogen, 
the latter has the same value as in aromatic amines, and for purposes of 
calculation, the value for one CH* (or CH) group is replaced by that 
for NH (or N), with the usual tctal correction for, the influence of tho 
nucleus. This rule is not applicable iu the case of pyridine, 

T. A. H. 

Thermometers as Thermo -regulators. Hr hard Glaseii 
( Biocliem. Zeitsch 1909,23, 5 — 9). — Into the thermometer which is used 
as thermo-regulator, platinum wires are fused at certain definite points 
corresponding with temperatures the constancy of which it is desired 
to maintain. The lowest platinum wire is always in contact with the 
mercury when the thermometer is immersed in the apparatus, the 
temperature of which is to be regulated. By moans of this and 
another platinum wire, corresponding with the temperature which is 
to be maintained in the thermostat, an electric circuit is made with a 
coil, in which is immersed a Hahn regulator. As soon as the mercury 
reaches the higher point and the circuit is closed, an iron core in the 
Hahn regulator is drawn down by the current and shuts off the supply 
of gas to the burner heating the thermostat. As the latter cools, 
the gas is automatically lighted again by means of a by-pass, The 
apparatus is figured in the paper. S. B. S. 

Krafft’s Boiling - point Estimations and his Theory of 
Volatilisation. C. von Broken berg (J. pr. Chew., 1909, [iij, 80, 
547 — 555 . Compare Abstr., 1909, ii, 544). — Largely polemical in 
reply to Krafft (Abstr., 1909, ii, 969, and Hausen, ibid., 969). It is 
pointed out that the expression used by Krafft, b. p./O miu., is a 
contradiction, as if sufficient vapour is present for the temperature 
to be determined there must bo a vapour pressure. The effects which 
are attributed by Krafft to the influence of gravity are regarded 
by the author as due to the condensation of vapour by external cooling. 

j. j. a. 

Preparation of a Mixture of Constant Boiling - point and 
Maximum Vapour Pressure by Distillation. D. D. Gadaskin 
and A. K Makovetzki (J. Russ. Phys. Chtm. <Soc., 1909, 41, 
1160 — 1163). — The authors inscribe experiments on the distillation of 
various aqueous solutions of the ether of methylene glycol under 
ordinary and reduced pressure (compare Abstr., 1908, i, 753 ; 1909, 
ii, 2 ID). The results obtained are discussed by Ala ovetzki (see 
following extract). 

Determination of the Composition of Constant Boiling-point 
Mixtures having Maximum Vapour Pressures and their 
Quantitative Separation by Distillation. A. E. Makovetzki 
(/. Russ. Phys. Chem. Soc., 1909, 41, 1171—1175. Compare preceding 
abstract). — The author adduces further evidence in support of his view 
that a binary liquid mixture, for which a maximum or minimum vapour 
pressure exists, may be regarded as consisting of two components, one 

VOL. XCVIII. ii. <S 
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oeing the mixture of maximal or minimal vapour pressure, and the oti 
the component present in excess. By means of aqueous solution- 
the ether of ethylene glycol, it is shown that the mixture of maxim, 0 
vapour pressure can be separated quantitatively by one distill^ 
in a suitable fractionating apparatuc. The quantity and compos^ 
of the mixture with maximum vapour pressure are not altered by t| le 
addition to the solution of a non-volatile substance which effects the 
separation of the liquid into layers, but does not give a solid ph ase 

T. H. p' 

An Electrical Apparatus for the Direct Determination of 
the Water Value of a Calorimeter. . W. Swi^TOSiAwsiu 
Acad. Sci. Cracow, 1909, 548 — 555). — The principle of the method 
consists in using two calorimeters, which are heated by means of an 
electric current. Tne one calorimeter (chief calorimeter) is filled with 
the solution the water value of which is required, and the other (water 
calorimeter) with water The heating is accomplished by means of a 
platinum wiro spiral, which is fused in between two concentric layers 
of glass. The two vessels arc of the same construction. The heat 
coefficient a is calculated from the formula : 

a = A 2j(500 + Cj + Cj )/& 7 2 ( 50 0 + C 2 + C 2 ), 
where AT^ and A2’ (> denote the increases in temperature, and the 
water values of the calorimeter with, stirrer and thermometer, q' and 
c 2 ' the water values of the heating apparatus, and where each 
calorimeter contains 500 grams of water. 

The sp. heat K of any liquid can then be calculated from the 
equation K — aA? T 0 /A j, where the increases in temperature of the 
two calorimeters are Ajf\ and A2 t 2 . J. J. 8. 

Atomic Volume of Allotropic Modifications at Very Low 
Temperatures. Ernst Coiien and J. Olie, jun.* (Proc. K. ,t hi 
Wetensch. Amsterdam, 1909, 12, 437 — 445). — In order to obtain 
information relating to the densities of allotropic modifications at 
absolute zero, measurements of the densities of diamond and graphite 
and of white and grey tin were made at a series of temperatures by a 
dilatometric method. The graphite was subjected to pressures of 
1000 to 5000 atmospheres until the sp. gr. remained constant after 
repeated compression. The ratios of the specific gravities of diamond 
and graphite were found to be 1*585, 1*583, and 1*582 at 1 8°, -38°, 
and - 164° respectively ; those of white and grey tin, 1*2GG and 
1*274 at 78° and - 1G4 J . These numbers indicate that the specific 
volumes of the allotropic forms do not converge as the temperature 
falls. H. 31. 0. 

Associated Liquids. W. A. Kurbatoff and G. G. Eliseeff 
(J. Russ. Pity*. Chan. Soc. , 1900, 41, 1422 — 1425. Compare Absir,, 
1909, ii, 117, 120). — In order to throw light on the abnormal value? 
of the Kainsay-Sbields constant given by certain apparently normal 
liquids, the authors have examined acetic anhydride and ethyl 
malonatc in this connexion, 

* also Ztilsch. physilal. V 'hem., 1910, 71, 385-400. 
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Acetic anhydride, for which Trouton’s constant has the high value 
•32*9, is stated to give the normal value of the Ramsay -Shields 
constant, 2-120, corresponding with a non-assoeiated 

liquid. This value of K is confirmed by the authors' measurements, 
which give the mean result, 2*1*2 + 3%, in open and closed vessels. 

A whole series of esters are known which are normal as regards 
their thermal data and their values of Troufcon’s constant, but give 
abnormally high values for the Ramsay-Shields constant. This is 
also found to be -the case with ethyl malonate, which gives values 
of K varying from 2*20 to 2*50, 

The results obtained indicate that the value of the Ramsay-Shields 
constant varies for different homologous series. T. H. P. 

Association of Glycerol. G. G. Elisbekf and W. A. Kurbatoff 
( J , Russ. Phys. Ckem. Soc., 1909, 41, 14*26 1427). — The values of the 

Ramsay-Shields constant for glycerol at various temperatures are 
as follows: 0*63 at 35*2— 648° ; M0 at 64*8 — 74*3°; 1*50 at 
74*3 — 101*4°, and 1*20 at 101*4 — 123*4°, the alteration with tempera- 
ture being almost identical with that exhibited in the case of ethylene 
alycol. It hence appears that the degree of association of glycerol is 
not less than that of ethylene glycol. These results give no reason for 
expecting that the molecule of sugar is a simple one. But if the 
sucrose molecules are associated, as indeed all molecules containing 
hydroxyl groups appear to be, then the laws of osmotic pressure 
derived from a study of sucrose solutions should be modified, and 
there is exhibited also a possibility of an explanation of the coefficient i 
other than that given by Arrhenius. T. H. P. 

Adsorption of Ions. V. Bournat ( (Jompt . rend., 1909, 149, 
13g6 — 1368). — Dilute solutions of binary electrolytes, excluding acids, 
have a higher surface-tension than water; acids, however, lower the 
surface-tension. The action of acids is probably due to the accumula- 
tion of hydrions in the superficial layer, giving the same effect as in 
the capillary electrometer. In support of this explanation it is shown 
that the addition of a hundredth molecular weight of potassium ferro- 
cyanido to a litre of A/5-nitric acid increases the surface-tension to a 
considerable extent, whereas when added to a Absolution of a binary 
salt the increase is only very slight. Perrin has shown that multi- 
valent ions diminish considerably the charge in a double layer, that 
is, that they accumulate in the surface layer, and in the experiment 
mentioned above they displace the hydrions and thus raise the surface- 
tension. 

Comparing equimolecular solutions, the curve showing the relation 
between the molecular weights (abscissae) of binary salts and the 
differences in the surface-tension (ordinates) of their solutions from 
that of water is a straight line. Monobasic acids also give a straight 
line lying below and parallel to that for the salts, the difference in the 
ordinates being 0*35 absoluto unit for A 7 / 10-solutions. Sodium and 
potassium hydroxide raise the surface-tension of water, but not to the 
same extent as binary salts ; in this case, also, a straight line is 

8 — 2 
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obtained, the difference in the ordinates being 0*25 unit, q^ese 
differences are apparently proportional to the molecular concentrations 
of the solutions. Assuming that the diminution in the surface-tension 
is due to the accumulation of ions in the surface layer, it is shown 
that tho number (») of ions absorbed *per unit surface is given by th e 
formula n-fic*, where c is the concentration, and /a is a constant 
depending on the ion. This formula is analogous to the general 
adsorption formula of Preundlich. T. S. p. 

Adsorptive Power of Hydroxides of Silicon, Aluminium, and 
Iron. III. Adsorption by Clay. II. Paul Rohland {Zeit&ck, 
anorg. Chem., 1909, 65, 108 — 109; Biockem. Zeitich 1909, 23 
278 — 280. Compare Abstr., 1909, ii, 27, 551). — A property 0 | 
a Fr&ustadt clay, the analysis of which is given, is to adsorb 
unsaturatod hydrocarbons when it has imbibed its maximum quantity 
of water. It is, however, impermeable to saturated hydrocarbon. By 
means of this clay, the unsaturated hydrocarbons can be separated 
from the saturated in American petroleum. The hydroxides of days 
of this description (silicon, aluminium, iron, and titanium) can adsorb 
organic substances containing oxygen, such as alcohol and acetone, but 
prevent the diffusion of organic substances, such as carbon disulphide, 
toluene, etc., and hydrocarbons which do not contain oxygen, with the 
exception of the unsaturated hydrocarbons. 8 . B. S, 

Chemical Dynamics and the Colloidal State. I, II, and 
III. Albert Reychleu (/. Chun. Bhys., 1909, 7, 362 — 36S, 
497 — 510. Compare Biltz, Abstr., 1904, ii, 324, 392). — The experi- 
ments made by Biltz on the removal of arsenious acid from its solution 
by shaking with colloidal ferric hydroxide led to the condition that 
the amount of acid removed (x) was related to the amount remaining 
in solution (a-x) by the equation x b = K{a - a:). Tho phenomena 
were attributed to adsorption, but were not further investigated 
mathematically. 

The amounts of ferric oxide used by Biltz in all his experiments 
were sufficient to form a normal arsenite with 1*4 grams of arsenious 
oxide, whereas the amount of arsenious oxide actually adsorbed never 
exceeded 0*824 gram, even when almost four equivalents were available. 
If a normal arsenite is produced, its concentration would be represented 
by m/1 *4, that of the free ferric hydroxide by (1*4 — 2 )/ 1*4, and of the 
free arsenious oxide, (a — Assuming that normal ferric arsenite is 

. hydrolysed in tho usual manner for a salt of a weak acid and a weak 
base, the equilibrium will be (x. 1 *4) 4 = A r 3 [(l*4 - as)/ 1 ’ 4 J ^ (a — x)jo, whence 

K 3 = j^x'/Xa-'x) (1'4 --a). _ 

If, on the other hand, only two of the basicities of arsenious acid are 

exercised, the constant is K. 2 = Jx’'](a - x) (*J x 1*4 - a*). 

It is shown that K s satisfactorily expresses Biltz’s values up to t ® 
point where about one-half of the theoretically possible arsenious oxn e ‘- 
combined, and that above this A., gives a constant, pointing to t e 
formation of some acid arsenite. 
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If the equivalent amount of arsenious oxide in Biltz’s experiments is 
taken as 2*2 instead of 1'4, an even better constant (K 3 ) is obtained. 
It is not certain whether alumina has a similar affinity for arsenious 
oxide. 

The author suggests that all so-called adsorption phenomena regu- 
lated by equations ot the form xPj(a - a) - K may eventually be made 
amenable to the ordinary laws of chemical dynamics. 

The experiments of Freundlich on the adsorption of various acids 
etc., by blood-charcoal (Abstr., 1907, ii, 155, 939) can be considered 
as cases of chemical combination. Since, however, tho basicity of 
charcoal is unknown, it is necessary to assume that 1 grain of charcoal 
is capable of combining with ra-milli-equivalents of acid. 

wi- Grams of charcoal can therefore combine with wm-m ill i -molecules 
of a monobasic acid. If x milligram-molecules of acid be adsorbed, the 
degree of saturation of the charcoal is x!mn } and the unsaturated 
charcoal is (mn - x)jmn. If a is the initial concentration in the solu- 
tion, (a - x) is the final concentration. Assuming that tho adsorption 
compound is hydrolysed like a salt of a weak acid with a weak base, 
( x/mn ) 2 = K Y (mn - o))jm.n x (a - x) { whence A'j = (,r/m) 2 /(a - *)(n - xfm). 
By choosing a suitable value, for n, a very satisfactory constant, A r j 
can be obtained. The values are : 


Acetic acid 

. n--*t 

A", -0-043 

Propionic acid.. 

/}-?) 

A',- 0T39 

JDiehloroacetic acid . . . . 

rt=8 

A', = 0-21 

Formic acid 

.. 71 — 8 

A’J -0 0-20 

Butyric acid 

. n = 8 

A'J = 0 '30 

Chloracetic acid 

V) -- 4, 

A, —0*3 3 

Benzoic acid 

.. 'ii — 4 

A, =24 

Sulphanilic acid 

. . 71 — 5 

A',-0‘21 


The strong acids, trichloroacetic acid arid benzenesulphonic acid, do 
not give satisfactory constants ; it is supposed that ttyeir adsorption 
compounds are not hydrolysed according to the same law. In the case of 
dibasic acids with only one active valency, K — (xlm)~J(a — a)(2n — xjm) > 
whereas if both valencies be active, A", = J[x jmfj{a-x) — - (n~xjm). 

With succinic acid both valencies sire active : n ~ 10 and K* = 022, 

Citric acid acts as a trihasie acid : = 0 ‘ 1 6 when n = 15. 

Bromine appears to follow the same adsorption law as monobasic 
acids, whereas methylamino follows a simple partition law. Adhesion, 
dissolution, etc., may in many cases superpose their effects on chemical 
adsorption. 

The author’s hypothesis is based on the theory that a large number 
of colloidal solutions may be considered as strongly basic or acidic 
salts. 

For instance, the small proportion of hydrochloric acid which 
st abilises a solution of ferric hydroxide acts by combining with all 
the hydroxyls in turn, thus preventing the hydroxide from forming 
large complexes which on dehydration would be precipitated. 

For every degree of dilution of the colloid sol there is a correspond- 
ing minimum of acid to prevent precipitation. All the known agents 
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for precipitating ferric hydroxide can be explained to act by disturbing, 
the chemical equilibrium of acid, water, and ferric hydroxide. 

Colloidal silica can be considered as a very acidic sodium silicate 
aDd its properties can all be explained on chemical grounds. 

The phenomena of cataphoresis and anaphoresis, the precipitation, of 
colloids by electrolysis, may he due to the transfer of water to anode 
or cathode respectively, the colloid appearing to travel in the revere 
direction. R. J. C. 

Adsorption of Arsenions Acid by Ferric Hydroxide, 
Wilhelm Biltz '(J. China, Phys., 1909, 7, 570 — 574). — It is shown 
that Reyehler’s explanation (preceding abstract) of the author’s 
observations relating to the absorption of arsenious acid by ferric 
hydroxide is untenable. This explanation is based on the assumption 
of the formation and hydrolytic decomposition of ferric arsenite. 

New experiments have been made in which varying quantities of the 
hydroxide were shaken up with the same volume of a solution of 
arsenious acid of determined concentration. If z denotes? the 
quantity of arsenious oxide taken up by m grams of the hydrogel, and 
x is the quantity which remains in solution, the observed results can 
be satisfactorily represented by the equation : 

log 2 /w» = 0*237 log a* -flog k. 

From this the author concludes that the removal of arsenious acid 
from the solution by the ferric hydroxide i9 a pure adsorption 
phenomenon. H. M. D. 


Thermodynamics of the Capillary Layer. Gerrit Bakkes 
(. Zeitsch . physikal. Chem., 1909, 68, 684— 692).— A mathematical 
paper. The author indicates certain errors very often committed in 
applying thermodynamical considerations to the capillary layer. 

When the capillary layer is considered by itself, instead of the usual 
equation : dQ = de - lids (where dQ is the heat absorbed in varying the 
surface, dt is an energy difference, // is the surface-tension, and ds 
the change of surface), the equation dQ = dt +p y dv - Hds must be used, 
where p v is the vapour pressure, and v the specific volume of the 
capillary layer. The last equation is the correct expression for the 
specific heat of the capillary layer per unit of mass. Nothing is 
known as to the variation of this specific heat with temperature. 

The energy equation obtained when a vessel filled with liquid, vapour, 
anil the capillary layer as transition layer is considered, differs from 
•that deduced for a thin sheet. G. &. 


Relationship between Physical Properties of Solutions. I. 
Density and Electrical Conductivity of Aqueous Solutions of 
Salts. Adolf Heydweilleii (Ann. Physik, 1909, [iv], 30,873—904). 
—From an examination of the data for a large number of aqueous 
solutions of electrolytes, it is shown that a connexion exists betweoj 
the density of a solution and that of the solvent, which can be expressed 
by the equation A — B + (A - B)i. In this equation, A denotes, t e 
percentage change in density per gram- equivalent of the dissohe 
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electrolyte, i is the ratio of the equivalent conductivity^ the "iven 
solution to the conductivity at infinite dilution, and / aM B are 
constants. A and B represent respectively the percentage changes in 
density which are caused by one .gram-equivalent of ionised 1 andnon- 
ionised electrolyte; A~B represents the influence of ionisation on 
the density of the solution. The values of A and B are tabulated 
for a number of electrolytes. 

For certain electrolytes, the values of B indicato that the volume of 
■he undissociated electrolyte in solution is the same as that of the salt 
n the solid -state. In other cases, changes in volume take place on 
solution. The contractions which are found in the case of salts which 
form hydrates in the solid state indicate that hydrated molecules are 
ilso present in the aqueous solutions. 

Ionisation of the electrolyte is always accompanied by an increase 
in density, and this is found to become greater as the sum of the 
mobilities of the constituent ions increases. The observed contrac- 
tion is shown to be probably due to a diminution in the volume of 
the water. 

The values of A exhibit additive relationships, and ionic moduli are 
calculated, by means of which it is possible to calculate the influence 
of the ionised portion of any electrolyte on the density of its aqueous 
solution. 

Certain electrolytes are abnormal, in that they do not agree with 
the relationship A —B+ (A — B)i. The anomalous behaviour is traced 
in some cases to the formation of complex ions in the more concentrated 
solutions, and to the large affinity of the dissolved salts for water. 

H. M. D. 

Condition of Equilibrium between a Dilute Solution and 
the Pure Solvent Separated by a Semi-permeable Diaphragm 
or by the Vapour of the Solvent. Giovanni Gugctelmo ( Atti 
R. Accad, Lincei , 1909, [vj, 18, ii, 536 — 544). — Making use of two 
relations which were obtained by van der Waals (see Die Continuildt 
des Jliissigen und gasformigen Zuslandes), and which express the 
condition of equilibrium of a large number of molecules (considered as 
material points) in perpetual motion and attracting one another, the 
author derives (1) in two forms, the condition of equilibrium of the 
molecules of a chemically homogeneous liquid, and (2) the equilibrium 
conditions for a chemically heterogeneous liquid — solvent and solute ; 
(3) the condition of equilibrium between pure solvent and solution 
separated by a semi-permeable surface. With the aid of the results 
thus obtained, the following questions are discussed : independence of 
the molecular attraction on the mass of the molecules, and a hypo- 
thesis on the nature of this attraction ; causes of the lower vapour 
pressure of solutions compared with the solvents, and of the equality 
of vapour pressure for equi molecular solutions ; influence of the 
curvature of the surface of a liquid on its vapour pressure. 

T. H. P. 

Binary Mixtures and Concentrated Solutions. Remarks on 
Dolezalek’s Paper. Thomas S. Patterson ( Zeitsch . phy'sihdl. Chem., 
1909, 6T, 572—574. Compare Dolezalek, Abstr., 1909, ii, 22).— It is 
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shown that -Lg theoretical densities of mixtures of chloroform -j j 
acetone cal equi <d by Dolezalek are incorrect, as they were obtain n 
by roidrtl sib'g the respective densities of the components by ^ 
molecufit .raction of the component ;n the mixture instead of by the 
usual method. The observed density of a particular mixture of chloro 
form and acetone only differs very slightly from the theoretical value- 
the deviation is only one-ninth of that given by Dolezalek, and the 
conclusions of the latter investigator therefore require revision. 

<U 

Existence and Properties of Disperse Systems in the 
Region Separating Colloidal and Crystalloidal Solutions. Xde 
Svedherg ( Zeii&ch . Chem. hul. Kolloide , 1909, 6, 318 — 325. Compare 
Abstr., 1009, ii, 389). — Experiments are described which show that 
the absorption of light by a gold hydrosol increases as the size of t,] je 
colloidal particles increases. By raising the temperature of a ruby, 
red hydrosol or by the addition of electrolytes, the particles were 
caused to coagulate, and measurements of tho colour intensity showed 
a gradual increase in the absorptive capacity of the hydrosol. The 
addition of a non-electrolyte was found to be without influence oa the 
absorption. 

By the reduction of a solution of gold chloride by means of 
hydrazine in presence of gelatin (free from electrolytes) as protective 
colloid, gold hydvosols consisting of extremely small particles can he 
obtained. The intensity of the colour of the hydrosol obtained in 
this way is much smaller than that of the hydrosol obtained under 
similar conditions in the absence of the protective colloid. The action 
of this consists in reducing the rate of coagulation of the hydrosol, 
and it is shown that the activity of the gelatin is approximately pro- 
portional to its concentration. 

Gold hydrosols prepared in different ways exhibit considerable 
differences in respect of the position and the intensity of the absorp- 
tion maximum. This is found to depend on the sizo of the colloidal 
particles. As the size diminishes, the absorption maximum shifts to- 
wards the region of smaller wave-lengths. For the most highly 
disperse hydrosols this maximum is in the ultra-violet, and approxi- 
mates to the position of the maximum for a solution of gold chloride. 

II. M. D. 

Theory of Colloids. Jacques Duci.aux (J. Chim. pfo/s., 1909 , 
[vii], 405 — 4-16. Compare Duclanx, Abstr., 1909, ii, 303; Alalfitano, 
ibid., 473; Bnppada, ibid., 473). — The author develops the theoretical 
ideas already put forward by him into a complete theory of colloids. 
The physical theory, which postulates that the stabilising ions in a 
colloidal solution are permanently combined with the colloid particles, 
and that the whole osmotic pressure is due to colloid particles acting 
as molecular units, fails to explain the difference in properties when 
one stabilising ion is substituted for another. According to the 
chemical theory put forward by the author, colloid particles are very 
large multivalent ions forming salts with the stabilising ions wbieli 
surround them, but which arc capable of super-adding their osmotic 
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pressure®, conductivities, etc., to that of the nucP'iR granules or 
rnicella (compare Reychler, this vol., ii, 105). The de 4' a na' 0 J^ation 
will vary with the nature of the stabilising ion. Fo. ^ ferric 
hydroxide stabilised with sulphuric acid has a much i.--* * ’ jmotic 
pressure than the same colloid stabilised with hydrochloric acid. 

It is shown that if the colloidal micella is assumed to be exactly 
comparable to an ionisable salt, the osmotic pressures calculated from 
the conductivities and ionic mobilities of the solutions are about double 
the experimental osmotic pressures. The measurements were all made 
on solutions with a very pure intergranular liquid (compare, however, 
JIalfitano, loc. cit.), and a small correction was subtracted for the con- 
ductivity of the intergranular liquid. The ionic mobilities of the 
colloid granules were determined by passing a direct current through 
the solution and afterwards analysing the liquids in the anode and 
cathode chambers, it being assumed that no transference of water had 
occurred. The ultramicroscope is not available here, because colloids 
with an appreciable osmotic pressure are so small as to be almost 
invisible. 

When a colloidal solution is dilute, the micella are so widely 
separated that the ions surrounding each one are never attracted 
from it, but the whole comprises a stable, almost neutral sphere. On 
establishing an electric field, the ions all crowd to one side of the 
sphere and the parent granule to the other. Since the voltages 
required for electrolysis are small, it follows that only a few of the ions 
become detached. When the solution is concentrated, tlio micella 
approach each other, and ultimately their neutral spheres intersect. 
Each micella will then facilitate the ionisation of its neighbours, a 
kind of Grottbus’s chain being set up. It follows that as a colloidal 
solution is concentrated, its “ molecular” conductivity increases. This 
is shown to be the case with ferric hydroxide and gum arabic. ihe 
degree of ionisation of a colloid does not mean the proportion of 
granules ionised, but the average extent to which each granule is 
ionised. Knowing the number of stabilising ions, the degree of 
micella ionisation can be calculated. It varies in the author's experi- 
ments from 0*008 in copper ferrocyanide to 0*88 in gum arabic. If 
the intergranular liquid contains electrolyte, this must have an ion in 
common with the micella, and will influence its ionisation. 

When the degree of ionisation of the micella, the ionic velocity, and 
the viscosity are known, the radius of the micella can be calculated 
with the aid of Stokes’ theorem. This varies from 0 55/x/x in tungstic 
acid to 5-2/x/i in Prussian-blue, the number of free ions per micella 
being 2‘9 and 24 respectively. 

These values are in accord with the relative retention of the colloids 
by collodion, and are also of the same order as the radius, <1/^, found 
by Zsigmondy for colloidal gold particles. 

The molecular weights of the colloids, calculated from their micella 
radii are : tungstic acid 1900, thorium hydroxide 700°, g““ 

16,000, ferric hydroxide 115,000, copper ferrocyanide <00,000, 

Prussian-blue 1,000,000. , , 

The neutral sphere probably has a radius about ten times that ot 
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the micella, that, is to say, on an average an ion does not move further 
than 10pp from the micella. 

Direct measurements have been made of the osmotic pressures 0 f 
ferric hydroxide, copper ferrocyanido, Prussian -blue, thorium h V( j r 
oxide*' gum arabic, and caramel with collodion membranes, 
results confirm those obtained by the filtration method (Abstr., 19(jq 
ii, 303), and clearly show that the osmotic pressure of a colloid 
increases more rapidly than the concentration. In very dilute solution 
each micella with its ions complete acts osmotically as one molecular 
unit. 

As the concentration increases, it may attain by splitting off of ions 
an osmotic value of 8 or more. R. ,T. Q t 


General Equation of State. Karl Druckeb ( Zeitsck phjsikal, 
Chem 1909, 68, 616— 636).— A theoretical paper. A general 
equation of state is deduced on fcho assumption that the gas laws hold 
for gases and pure liquids in general, and that the deviations are to be 
accounted for on purely chemical grounds, that is, on the formation of 
complex molecules (polymerides). On this basis the general gas equ&. 
tion pv = RT.'Sn leads to the equation : p/RT= tn/v = 2c = c t + c % + 
c 3 + .... (1), where 2c = Cj + 4- k 3 c^ + .... In this equation 

c v c„, etc., represent the respective partial concentrations of the 
simplex and complex molecules; &>, etc., represent the respective 
equilibrium constants, and the other symbols have the usual signi- 
ficance. It is assumed in deducing this equation that equilibrium 
between simple molecules and their polymerides is established 
instantaneously. 

In equation (1) the coefficients are necessarily positive, and it 
appears at first sight as if it applies only to cases where the com- 
pressibility is too great. Although this difficulty can theoretically be 
got over, it has been considered advisable to insert a volume correction 
(analogous to that of van der Waals) in equation (1). The equation 
is then tested by application to the data for ethyl ether, methyl 
alcohol, and other vapours given by Ramsay and Young and others, 
and simplified forms of it are found to give satisfactory results. 

The application of these considerations to liquids leads to the con- 
clusion that a liquid under ordinary conditions consists of a dilute 
solution of unimolecules in complex molecules. The fact that this 
result is in apparent conflict with the method of determining the 
molecular complexity of liquids duo to Eutvos-Kamsay-Hhields, based on 
surface-tension measurements, is not regarded as an insuperable 
objection, as the method in question has no purely thermodynamic 
basis. The author considers that liquids, such as water, usually 


regarded as complex, are really comparatively simple. 

Provisional suggestions are made for determining the partial 
concentrations in liquids. G. b. 


Demonstration of the Phase Rule. R. Boolouch [Compt. rend., 
1909, 149, 1377. Compare Abstr., 1909, ii, 802). — The author 
maintains his criticisms of Muller’s demonstration of the phase rule. 
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pointing out that Muller has confused three things which are essenti- 
ally distinct, namely : (1) the actual changes taking place in a system 
not in equilibrium ; (2) the virtual charges which one imagines to 
take place in a system in equilibrium ; (3) the atomic interchanges 
occurring, according to the atomic theory, in a system in equilibrium, 

T. S. P. 


Invariant Systems and the Regularity of Composition of 
Certain Eutectics. Alex. Gorboff (/. Russ. Phys. Chem. Roc, , 1909, 
41 1241 — 1300). — The author discusses the phase rule and the 
composition of eutectic mixtures, a large number of examples from the 
work of various investigators being considered. The principal results 
arrived at are as follows. 

One of the fundamental propositions of chemical mechanics is that 
the laws >by which material systems are characterised are determined, 
not by the number of their components, but by the number of effective 
degrees of freedom. 

Examination of the compositions of eutectics formed by the elements 
and by chemical, “ molecular/’ and “ complex ” compounds shows that 
the composition of any eutectic corresponds with a chemical compound 
formed by the elements occurring in the eutectic, which may hence be 
expressed by a chemical formula with rational indices. So that eutectics 
obey not only the law of constant composition, but also the law 
of multiple proportions. 

Not only may the composition of a eutectic formed by two 
independent components capable of giving chemical compounds meltiDg 
without decomposing be expressed by a chemical formula, but this 
formula is often constructed according to a simple rule -equal masses 
of one of the two components being distributed in both solid phases of 
the eutectic. Thus, if the two components, A and B, form the 
compounds A + xB and A +yB, melting without decomposing, then the 
eutectic between A and A+xB is expressed by the formula 2 d+asA, 
and that between A + xB and A + yB by the formula (yA + + 

(xA +xyB) or {x + y)A + 2xyB, and so on. Excluding the limiting 
eutectics answering to the general formula, 2 A + xB, in all the others, 
expressed, for example, by {x+y)A + 2xyB ) in both solid phases that 
independent component is distributed in equal masses which possesses 
the more basic chemical character. The latter in the eutectics formed 
by crystallo-hydrates of sulphur dioxide, hydrogen chloride, hydrogen 
iodide, nitrogen pentoxide, copper nitrate, magnesium chloride, ferrous 
nitrate, and ferric chloride is water, and in the metallic eutectics the 


more alkaline metal. „ , , 

In every case where a chemical compound of two components does 
not melt without decomposing, but exhibits a transition point below 
the melting point, its solubility in one of the components is lower, 
sometimes very considerably lower, than is require y e a o\e 
rule ■ in such cases, this component consequently occurs m excess in 
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Influence of Centrifugal Force on the Equilibrium 
Chemical Systems. A. V. Dumansky (J.Russ. Phys. Chem . Soc. f pJ? 
41, 1306 — 1308). — When a concentrated solution of cadmium 
is subjected to centrifugalisation in a tube closed with a cork, ak 6 
precipitate containing cadmium and iodine is deposited, W hi] + 
aqueous hydrogen iodide under similar conditions gives a deposit of 
iodine. The author’s results seem to indicate that the cork acts ** 
catalyst. a 

Also, centrifugalisation of solutions of ferric chloride and rnercm 0D , 
nitrate produces a marked increase in the electrical conductivity of the 
solutions, the increased values persisting after removal of the centtifu 
gating force and mixing of the liquids. Since all the compounds used 
in his experiments are readily decomposed by water, the author 
.suggests that such decomposition may occur to a slight extent, and that 
one oF the products of the decomposition, being the heavier, m av 
be readily removed from the sphero of action by the centrifugalisation 
Thus, with ferric chloride, the ferric hydroxide formed by the 
hydrolytic dissociation would pass to the periphery of the centrifuoe. 
and thus permit of the hydrolysis of further quantities of ferric 
chloride ; the hydrochloric acid formed by the hydrolysis would cause 
the increased conductivity observed. 

Colloidal solutions of antimony sulphide and ferric hydroxide deposit 
precipitates when subjected to centrifugalisation. T. H. P. 

Chemical Affinity. III. Solution-affinity of Binary Systems. 
II. Sulphuric Acid and Water. J. N. Bkonsted (Eeitsch. pkysikl 
Ckem., 1909, 68, 693 -725). — The theoretical conclusions discussed in 
the previous paper (compare Abstr., 1909, ii, 29) are now tested by 
application to the system sulphuric acid- water. 

The heat of admixture of sulphuric acid and water has been 
determined over the whole range of concentrations, and as large 
amounts of the substances were used, the results are probably very 
accurate ; they are represented in tabular form in various ways. The 
heat of formation of 1 mol. of monohydrate is 6710 cal. Thom.p, 
oF pure sulphuric acid on the hydrogen scale is 10‘i9°. The result? 
obtained are in good agreement with those of Pfaundler and of 
Pickering (Trans., 1890, 57, 94), but not with thoso of Thomsen 
(Thermochemische Untersuchungen) ; it is probable that Thomsen's 
“ pure ” acid contained a little water. Prom the results, the 
differential curves for the heats of admixture are determined by means 
of the equations given in the earlier paper. 

The solution-affinity of the components throughout the whole range 
of concentrations is then determined from the combined results of 
E.M.F. measurements, of vapour-tension measurements, and of 
freezing-point determinations. The reaction, the E.M.F. of which 
has been determined, is the formation of sulphuric acid by the 
reduction of mercurous sulphate by hydrogen, the cell being built- 
up as follows: H. } | H o S0 4 j Hg s S0 4 j Hg. Measurements have been 
made between 15° and 80° with varying proportions of acid, and the 
affinity is calculated from the results by means of the Helm holt: 
equation in the usual way. 
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As regards vapour-pressuro measurements, the results of Tauuuann 
(Zeitsch. phyaifad. Chem., 1888, 2, 42) at 100°, and of Dieterici (Ann. 
Pkys. Chem. , 1893, [ii], 50, 47) at 0°, have been supplemented by 
measurements at 20° and 30° with a special form of apparatus. 

In connexion with the calculation of solution-affinity from freezing- 
point determinations with the help of thermal constants, it has been 
found that the heat of fusion of sulphuric acid is 2483 + 6* It calories 
per mol., and that of the monohydrate, 4290 + 18-8* calories. From 
these results the differential solution-affinity curves for water and 
acid respectively have been obtained, and for comparison are plotted 
on the same diagram with the corresponding curves for the heat 
of admixture. The forms of the curves are very different from 
the ideal type, due to chemical reaction between water and acid. 

As regards the sulphuric acid curve, d, the solution-affinity is 
greater than U, the heat of admixture, for cc = 1 (as is the molar pro-' 
portion of acid in the mixture) ; the curves intersect at x = 0 5 3, where 
A = (7= 1400 cal., beyond which the A curve is lower than the (/-curve, 
until they again intersect at g = 0*006, 'when A - If =-- 17,000 cal. For 
water the affinity and heat of reaction curves practically coincide for 
concentrations between 01 and 0*3. 

The values found are throughout in accord with the general 
thermodynamic equation : A - U= TxdAjdT (where the symbols have 
the usual significance). G. 8. 

Affinity of Sodium Phosphate for Water. Paul Th. Muller 
(/. Chim. Pkys., 1909, 7, 534 539). — The theorem recently published 
by Nernst (Abstr., 1907, ii, 153) correlating affinity with temperature 
in condensed systems is applied to the affinity of sodium phosphate for 
water. 

The affinity of the hydrate, Na o HP0 4 ,l 2 H. 0 0, for its water is given 
by the formula A = l‘9&5Tlog e f If 7 where /and/' are the vapour 

pressures of pure water and hydrate respectively at temperature T. 
Nernst’s equation gives A —Q„- a2- - where Q 0 is the heat 

of hydration at absolute zero. The values of A in the first formula 
are calculated from Frowein’s measurements of the vapour pressure 
of the hydrate between 6*8° and 27*00°. If Q { ,= 1200*58 cal., 
a = 0‘0119827, and /3 = 0, Nernst’s formula gives values agreeing with 
Frowein’s within 0'35 ( ^. The heat of hydration at any temperature 
is equal to Q 0 + (i2’ 2 + fiT 3 . Hence the heat of hydration of sodium 
phosphate at 18° should be 2215*3 cal., whereas Thomsen and Pfaundler 
obtained the values 2234 cal. and 2211 cal. by direct measurements. 
When the affinity for water (A) is zero, (£-a2’ 2 ) = 0, whence 
7’= 316*5° abs. It follows that at 43*5° the phosphate becomes 
anhydrous. Extrapolation of Frowein’s results indicates that at about 
this temperature the vapour pressure ot the phosphate begins^ to 
exceed that of water. K. J. G. 

Chemical Kinetics. Otto Sacikur (Zeitsch. Elektrochem., 1909, 
15, 865. Compare Trautz, Abstr., 1909, ii, 651). — Trautz’s equations 
for the velocity of a reaction are obtained, essentially, by dividing the 
well known equation d log KidT^QjKT* into the two equations. 
d\o^k l /dT = q 1 /RT s and d log LdT^qJRTk where k x and k, are the 
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velocity constants oF the two opposite reactions, and q x and q, ai . e ^ 
sums of the heats of formation of the molecules taking part in them 
The equations are then integrated by means of Nernst’s theorem 
The author points out that these partial equations are not necessarily 
correct, because a pair of equations of* the form d log %fdT~ 

where $(T) is any function of the temperature, would equally 
when subtracted from each other, give the original equation. The assump- 
tion that 4>(T) = 0, although possible, is not necessarily true. X. j; 

Temperature-coefficient of Chemical Reaction Velocities 
IV. Addendum. Max Trautz (Zeifsch. physikal, Chem,, 1909 , 68 
637—638. Compare Abstr., 1908, ii, 924; 1909, ii, 557; this v «l, 
24). — Saekur’s adverse criticisms (compare preceding abstract) of the 
author’s work, in so far as they are new, are Dot valid. G, g 

Residual Affinity and Additivity. Part II. Walter Retebs 
(Ber. t 1909, 42, 4826 — 4836). — The observations on the union of 
ammonia with various salts (compare Abstr., 1908, ii, 937) have been 
further extended. In the platinum complex salts, the additive power 
(for ammonia) cannot be considered as an additive property of the 
component salts. A consideration of the additive ammonia compounds 
of copper and cadmium platmichlorides shows that the complex salt 
either adds on ammonia as a whole, or else the anion and cation each 
exert their own particular residual affinity. The compounds of copper 
and cadmium behave very similarly to each other, as also do the 
compounds of bivalent manganese and zinc. 

Metals belonging to the same periodic group show the same or very 
similar behaviour. Uranium tetrachloride has a greater additive power 
for ammonia than has uraDyl chloride. Replacement of one halogen 
by another has no influence on the residual affinity. 

Werner’s co-ordination number six, or a multiple thereof, holds for 
half of the salts mentioned in this and the previous communication. 

.Many salts which are hygroscopic no longer show this behaviour 
after the addition of ammonia ; the fact that a salt is hygroscopic 
therefore depends on the exertion of subsidiary valencies. 

The following table gives a summary of the results at the ordinary 
temperature : X giving the number of mols. of ammonia absorbed, and 
II the number retained after evacuation. 



1. 

U. 


1. II. 

Calcium platinichloride 

12 

6 

■ Ammonium palladioehloride 

i, 4 

Barium platinichloride 

6 

5 

; Palladious iodide ..... 

tl (at O') 2 

Zinc platinichloride 

11 

7 

Rhodium chloride 

4 3 

Manganese platinichloride 

11 

7 

Ruthenium chloride 

a 3 

Copper platinichloride 

IS 

6 

1 Ruthenium bromide 

3 2 

Cadmium platinichloride 

IS 

(i 

; Cuprous chloride 


Cohalt platinichloride 

12 

10 

! Cuprous iodide 

;1 0 

Xickel platinichloride 

12 

10 

! .Silver nitrate 

.> 

Sodium platinoehloridc 

4 

;3 

j Chromous chloride 

(i 3 

Sodium platiuibromide 

(J 

5 

! Uranium tetrachloride 

3 3 

A 1 



4 

Uranyl chloride 

2 I 

Platinic chloride 


5 

Manganous chloride 

6 - 

Flat in ic bromide 

ti 


Manganous iodide 

o 

Palladioua chloride 

fi 

4 

Manganous sulphate 

o - 

Sodium palladioehloride 

ii 

4 
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Neither hydrogen chloride nor phosphine combines with any dry 
inorganic salt. Acetylene is absorbed only by cuprous chloride. 
Ethylene gives no additive products ; its absorption by ferrous and 
platinous chloride in ethereal or hydrochloric acid solution only takes 
place when these chlorides are formed by reduction of the correspond 
ing ferric and platinic chlorides. Carbon monoxide was not absorbed 
by any of the salts investigated under the particular conditions of 
experiment, T. S, P. 


Elder’s Solution. I. Cub. Winther {Z ditch, vriss. Photochem 
1901), 7, 409 — 441). — The rate of tho photochemical reaction 
between mercuric chloride and ammonium oxalate in aqueous 
solution is increased by ceric salts and potassium ferricyanide, and 
decreased by cupric salts, potassium tin chloride, and many organic 
colouring matters. Potassium iodide in small quantity accelerates 
the reaction, but when this is present in excess, the velocity of the 
reaction diminishes. 

In order to obtain information relative to the nature of the 
catalytic effect, the author has examined the behaviour of chlorine, 
potassium permanganate, and more especially ferric salts. In the 
case of chlorine the catalytic phenomenon is traced to the inducing 
effect of the reaction between chlorine and ammonium oxalate on that 
between the mercuric salt and the oxalate. The action of potassium 
permanganate is found to be accompanied by a period of induction, 
during which the permanganate is reduced to a manganic salt, which 
then accelerates the photochemical change. The mode of action of 
this is in all probability similar to that of ferric salts. 

The numerous experiments made on solutions containing iron salts 
show that the catyltic effect is very largely dependent on the amount 
of oxygen which is present. In the absence of oxygen, the catalytic 
process can he resolved into two stages, in one of which the rapid 
photochemical reduction of ferric oxalate is involved, whereas the 
other consists in tho inducing effect of the oxidation of the ferrous 
oxalate formed in the photochemical reduction process. In presence 
of oxygen, the process is complicated by reason of the action of the 
oxygen on the reduced ferric salt. 

In support of this view it is found that the rate at which mercurous 
chloride is precipitated from a solution containing a given amount of 
ferrous salt increases as the amount of oxygen in tho solution 
diminishes. For a given quantity of ferrous salt, the toLal amount 
of mercurous chloride precipitated increases as the oxygen concentration 
diminishes. Ferric salts diminish the rate of the reaction. For a 
given ratio between ferric and ferrous salts, the retarding effect 
increases rapidly with the total amount of iron in the solution. Ihese 
observations aro in accord with the fact that maximum photo-sensi- 
tiveness is obtained for a particular iron concentration. Since the 
retarding action of ferric salts increases when the amount of oxygen 
in the solution diminishes, the iron concentration corresponding with 
maximum sensitiveness diminishes with the oxygen concentration. 

The rate of precipitation of mercurous chloride from Eder s solution 
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is recommended as a means of estimating small quantities of dissob 1 
oxygen. H. il.j^ 

Vacuum Correction of Weighings Applied to Aton^ 
Weight Determinations. Philippe A. Guye and N, Zaohakiadk 
(Compt. rend., 1909, 149, 1122 — 1123. Compare Abstr., luog jj 
989). — The authors have determined previously the magnitude of the 
error made in reducing weighings to vacuum values, through the 
presence of condensed air on the surface of the substance. Xj iese 
calculations have now been revised after taking into account another 
source of error. The now numbers, together with the results of fresh 
determinations for other common substances, are given in tabular 
form. The results were obtained by weighing a flask in air (a) 
exhausted of air, ( b ) full of air, (c) containing air and the substance 
(d) containing the substance only. 

The apparent weight of the salt in air is reduced to the vacuum 
value by the usual method, and compared with the “ actual weight in 
vacuum ” given by (d — «) — jt>, where p is the loss of weight in the 
air of the standard weights. A further correction should be made for 
the air condensed on the surface of the standard weights. 

The “ actual weight in vacuum ” was in each case found to be 
higher than the calculated value, the difference ranging from 1 m* 
in the case of silver bromide to 25 mg. in the case of sodium chloride 
per 100 grams. In the case of silver, however, the numbers were the 
same. , W, 0. W. 

The Fundamental Constant of Atomic Vibration and the 
Nature of Dielectric Capacity. William Sutherland (Phil. J/^., 
1910, [vi], 19, 1 — 25). — On the assumption that positive and negative 
electrons are associated in pairs, and are revolving round one another 
in such a way that each pair lias an average electric moment, it follows 
that if these moments are similarly directed, the atom as a whole 
will have an electric moment, and can be investigated as a uniformly 
electrised sphere. It is shown that the internal electric fields cause 
atomic vibrations, and that the atomic vibrator can be regarded as 
the single electron which is involved in the explanation of the Zeeman 
effect. The common constant which appears in Rydberg’s formulas 
for the series lines of many elements is discussed in terms of this 
conception of the atomic vibrator. An explanation of dielectric 
capacity in terms of the electron theory is given, and it is shown 
that Balmer’s formula relating to spectral structure can be interpreted 
'on a kinematical basis. II. M. ^ 

Molecular Diameters. William Sutherland (Phil. Mug., 

[vi], 19, 25-26).— On the basis of the value 2*77 x 10 11 * obtained bv 
Rutherford for the number of molecules in 1 c.c. of a gas under 
standard conditions, the author has recalculated a series of molecular 
diameters with the following result: H> 2T7, He 1 02, 00 2*74, 
C 2 H 4 3*31, N„ 2*95, NO 2-59, O, 2*71, A ~2*G0, CO. 2*90, N.,0 3'3;>, 
Cl, 3-76x10-* cm. ' H.-M. R 
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Liquid Extraction with the Aid of Soxhlet's Apparatus 
Lu>asu Saiki (/. Biol. Chem 1909, 7, 21 — 22). — A modification of 
Soxhlefc’s apparatuses described and figured for the extraction of 
iquid material with ether. w j) jj 

Apparatus for Evaporating Ethereal Solutions. Gilbert P. 
aiRDWOOD ( Analyst , 1909, 35, 16). — The one end of an inverted 
jiphon has the shape of a funnel, and the other end projects several 
inches below the level of the ethereal solution to be evaporated. The 
ivatch-glass containing this is placed under the funnel-shaped 
opening, and by applying suction to the long arm, the ether vapour 
siphons over, and the residue is finally deposited in a small space in 
;he centre of the watch-glass. 

The same means may be adopted for concentrating an ethereal 
solution in a test-tube or beaker by gradually lowering the funnel of 
the siphon as the ether evaporates. L. de K. 


Inorganic Chemistry, 


Condition of Dissolved Iodine. Percy Waentig ( Zeitsch . 
pbfsikal . Chem., 1909, 68, 513 — 571. Compare Beckmann, Abstr., 
1907, ii, 340). — The investigation of solutions of iodine in 
a large number of solvents has led to the conclusion that in all the 
solutions iodine is partly combined with the solvent according to 
the reversible equation : SoI 2 ^ So +I 2 (So = solvent ) ; for the violet 
solutions, the spectra of which approximate to that of iodine vapour, 
the amount of combination is much less than for the brown solutions. 

These conclusions are mainly based on spectroscopic observations, 
and, in particular, the effect of change of temperature on the spectra 
has been fully investigated. On heating the violet solutions, the 
absorption band becomes displaced towards the red end of the spectrum, 
in other words, towards that of iodine vapour, and is displaced in the 
opposite direction on cooling. The spectra of many of the brown 
solutions tend to become permanently altered on heating, a result 
which speaks in favour of considerable association betwe^i iodine and 
solvent. The view that there is only a difference in degree between 
violet and brown solutions is further supported by the fact that brown 
solutions in thiophen and in sulphur dioxide become violet on heating, 
and regain the original colour on cooling. 

The conclusion to be drawn from the displacement of the equilibrium 
with temperature that the heat of formation of the compound must be 
positive, is supported by observations on the effect of temperature on 
the solubility of iodine, and on its heat of solution in different solvents. 
Although the heat of solution is negative in all the solvents examined 
except pyridine, the heat absorption is much less for brown than for 
violet solutions. Moreover, cryoscopic investigations with iodine and 
a “solvent ” dissolved togetliei' in an indifferent solvent show that the 

VOL. XCVIII. ii. 9 
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depression is so much the smaller the greater the degree of cornV 
ation according to the above considerations (compare Hildebrand ^ ' 
Glascock, Abstr., 1909, ii, 225). A compound^ with pyridine 0 f 
formula Pyl 2 , haSdbeeb'isolatei f fsCf ; ^ 

The influence of dilution on the absorption ipectra hag L* 
measurod for two kinds of light, and it was found that, contrar 
the requirements of the law of rSass-action, the ratio of the absornt'^ 
for both kinds of light increases with dilution. This is probably co ^ 
necfced with ionisation of the additive compound, as many of the 1 1 * 
tions have a considerable molecular conductivity, which increases Vtl 
the dilution. 

The observations on the nature of the absorption bands, and 0 ( 
their displacement with temperature, are satisfactorily accounted for 
on the assumption that there is a maximum of absorption for th e 
additive compound in the ultraviolet, and that the absorption due to 
the compound is more or less affected by the absorption band due to 
free iodine. 

The partial vapour pressures of the components in boiling solutions 
of iodine in ether, carbon disulphide, chloroform, carbon tetrachloride 
and benzene have also been determined, and the results, considered 
from the point of view due to Dolezalek (Abstr., 1909, 22), support 

the above conclusions. Even at the boiling point there is considerable 
association between iodine and solvent in the brown solutions. 

The molecular freezing-point depression for carbon tetrachloride 
is 299. G.S. 


Production of Ozone by Ultraviolet Light. Edmond m 
Aubel (Compt. rend.y 1910, 150, 96 — 98). — The following correction 
should be made in the previous paper (this vol., ii, 28). In the 
experiments where water was used to absorb the ozone produced, the 
resulting solution contains hydrogen peroxide, the presence of which 
was detected by its action on a photographic plate. The presence of 
hydrogen peroxide in the water proves the formation of ozone in the 
air by the action of the ultraviolet light. T. S. P. 

Dissociation Isotherms of Sulphur between 3CKT and 850 3 . 
Gerhakd Preuner and W. Schupp (Zeitsch. phjsikal. Ctiem., 1909, 68, 
1 2f9 — 156). — By means of the quartz-glass manometer described by 
Abegg and Johnston (Abstr., 1908, ii, 157), the authors haw 
determined the density of sulphur vapour at nine temperatures between 
300° and 850° and within wide limits of pressure. The results cannot 
be reconciled with the assumption that only S s and S 2 molecules are 
present, hut indicate that above 30 mm. pressure only S s , S^, andS, 
molecules are present. At pressures lower than 30 min, it is possible 
that S x molecules are also contained in the vapour. 

From the displacement of the different equilibria with temperature, 
ib is calculated that in the reaction 38 s = 4S ( ., 29,000 calories are 
absorbed, and in the other reaction, S 0 — 38,,, 64, 000 calories are absorbed. 
Similarly, the change of gaseous 8 g to 4S 2 absorbs 95,000 calories. 
From the most trustworthy results on the variation of the vapour 
pressure of sulphur with tho temperature, ib is calculated that the heat 
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of vaporisation 8S[solid] S 8 (gaseous), is 20,000 calories, hence for 
the reaction SS^sohd] ~ >■ 4S,(gaseous), 11 5,000 calories are absorbed 
Otherwise expressed, it requires about 115,000/4 = 28,800 calories to 
transform 64 grams of solid sulphur into ^aseous S 
On^he Assumption that S, is identical with s£ the modification 
of sulphur insoluble m carbon disulphide, the proportion of S* in 
saturated sulphur vapour is calculated from the density results at 
different temperatures, and compared with the values determined 
directly by Gal (Abstr., 1893, u, 455) and by Kruyt (Abstr., 1908 ii 
1028). The authors results are in excellent agreement with those of 
Gal, but not with those of Kruyt. q g 


Action of Hydrogen on Sulphur or Selenium in Presence 
of Another Element. Henri Pelabon (J. Ckim. Phys ., 1909, 7, 
447 463). Excess of pure sulphur or of sulphur containing less than 
2/3 atomic proportion of arsenic when heated at 610° in hydrogen gives 
a gaseous mixture containing about 98% of hydrogen sulphide? When 
the proportion of arsenic is increased until the sulphur is saturated 
at approximately the composition SAs 0 , the amount of hydrogen 
sulphide decreases regularly to 78%. Further addition of arsenic, 
which, remains as a separate phase, does not decrease the amount 
of hydrogen sulphide produced. The imiphase solutions of arsenic 
in sulphur give a greater proportion of hydrogen sulphide the less the 
pressure of hydrogen, but mixtures containing a free arsenic phase 
always give 78% of hydrogen sulphide. 1 

The results obtained with mixtures of arsenic and selenium are 
analogous, but the proportions of hydrogen selenide are in all cases 
much lower. 

Addition of selenium or tellurium to mixtures of sulphur and arsenic 
promotes the formation of hydrogen sulphide, but to a less extent than 
an equivalent amount of sulphur itself. 

Selenium produces a similar effect on mixtures of sulphur and 
antimony, but tellurium is here without influence. 

The addition of antimony to sulphur makes no change at first in the 
amount of hydrogen sulphide (98%), but when 43 — 90 atoms of 
antimony are present per 100 of sulphur, the liquid consists of two 
phases, antimony sulphide saturated with antimony, and antimony 
saturated with its sulphide. Whilst these two phases are present, the 
proportion of hydrogen sulphide produced is about 60%. With larger 
proportions of antimony, the hydrogen sulphide rapidly decreases 
towards zero. 

The phenomena with mixtures of selenium with antimony, bismuth, 
tin, and thallium are similar to those obtained with selenium and 
arsenic. Silver and copper, on the other hand, which form stable 
selenides solid at the temperature employed, entirely prevent the 
formation of hydrogen selenide when their proportions exceed Ag.,Se 
and Cu 2 Se. , R. J. 0. 


Preparation of Colloidal Solutions of Selenium. Alfredo 
Pociiettino (Atti i?, Accad. Lincei , 1909, [v], 18, ii, 544 — 551). — In 
preparing colloidal solutions of selenium by the method of iliiiler 

9—2 
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and Nowakowski (Abstr., 1006, ii, 18), the author finds that, at the 
same time as a red coloration forms in the liquid near the cathode, the 
current intensity exhibits a continuous increase -which begir, s 
immediately the circuit is closed. If the liquid in the cell is shaken 
the current intensity falls sharply, but rises to the original value as 
soon as the shaking ceases, and then continues to rise to a certain 
limiting value, which may be as much as ten times the initial current- 
if the liquid is kept continually agitated, a longer time is required for 
the current to increase to the limiting value. 

By this method, if the duration of tho current is sufficient to allow 
of the liberation from the cathode of more than about 0*24 gram of 
selenium per litre of water present, a deposit of red selenium begins 
to form at'the bottom of the cell. If a solution prepared in this way 
is filtered and subjected to an E.M.F. of 40 volts between polished 
platinum electrodes, the current increases gradually from about 
40 milli-amperes at the beginning to about 60 milli-amperes after 
two hours ; if the current is interrupted for some time and then 
re-applied, the initial value is again about 40 milli-amperes, and the 
same gradual increase takes place. The increase of current seems to 
be due to a diminution in the resistance of tho liquid present in the 
cell. 

"When a dilute solution of selenious anhydride is electrolysed with 
platinum electrodes, the phenomena observed vary with the E.M.F, 
employed. With 3 volts, a red deposit forms on the cathode, and the 
current gradually falls ; with 17 volts, the deposit forms almost 
instantaneously and increases in thickness, the current remaining 
sensibly constant; whilst with 48 volts, the current gradually 
increases, whilst the liquid appears red in reflected and blue in 
transmitted light, a colloidal solution of selenium and a black 
cathodic deposit of selenium being formed. 

The internal friction of such colloidal selenium solutions is sensibly 
identical with that of the distilled water from which they ate 
prepared, the same being the caso with solutions prepared by Gut bier's 
method (Abstr., 1902, ii, 652). T. H. P. 


Chemical Reactions in Cases Submitted to very High 
Pressures ; Decomposition of Nitric Oxide ; Formation of 
Nitrosyl Chloride. 13. Biuner and A. Wjiuczvnski (Compt. rend., 
1909,149, 1372—1374. Compare Abstr., 1909, ii, 557).— Nitrosyl 
chloride is formed when a mixture of nitric oxide .and hydrogen 
chloride is submitted to a pressure of 300 atmospheres. When nitric 
Dxide is allowed to remain at high pressure in a sealed tube, it is 
colourless at first, but aftor a day appears bluish-green. If the tube 
contains a large quantity of the gas, drops of a blue liquid appear. 
The reaction is supposed to lie represented by 6NO= 2N 2 0 3 -f- N. 2 ; the 
synthesis of nitrosyl chloride would then be explained by the action 
N 2 O s + 2HCI - 2NOC1 + H 2 G. No action occurs unless the nitric 
oxide is above a certain minimum pressure. In experiments in which 
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A New Chloride of Phosphorus. Adolphe Besson ancl A 
Fournier (Compt. rend., 1910, 150, 102— 101).— On submitting a 
mixture of phosphorus trichloride and hydrogen to the action of an 
electric discharge (compare Abstr., 1909, ii, 663), a colourless liquid 
holding in suspension a yellow solid is produced. After filtration 
and purification by distillation under diminished pressure in an inert 
atmosphere, the liquid has a composition corresponding with that of 
phosphorus dichloride, P a Cl 4 . It is a colourless, oily, and strongly 
fuming liquid. The fuming is not only caused by the action ^of 
moisture, but also by oxidation, and under certain conditions the 
liquid takes fire spontaneously. It has b. p. about 180°/760 mm. 
(decomp.), 95 — 96°/20 mm. without decomposition, m. p. -28°. It 
is decomposed by water with tho formation of phosphorous acid and a 
yellow solid of indefinite composition. It decomposes slowly at the 
ordinary temperature and more quickly when heated to phorphorus 
trichloride and a yellow to red solid of indefinite composition, which is 
possibly a mixture of amorphous phosphorus with other chlorides. 

Attempts to prepare phosphorus dibromide in a similar manner, and 
also by the action of hydrobromic acid on the dichloride, were not 
successful. A yellow to red solid of indefinite composition was 
obtained, which, in the light of the results obtained with tho dichloride, 
may have resulted from the decomposition of a dibromide. T. S. P. 

Phosphorus Suboxide. Alfred Stock (Chem. ZeiL, 1909, 33, 
1351. Compare Burgess and Chapman, Trans., 1901, 79, 1235). — 
Gutbier has stated (Sitzungsber. physik.-m.ed. Soc, Erlangen, 1909, 40, 
176) that the existence of phosphorus suboxide (P 4 0) may be con- 
sidered as proved by the work of Weidner ilmug. Dies., Erlangen, 
1909), who has repeated Michaelis and Pitsch’.s experiments (Abstr., 
1900, ii, 137) and found, in agreement with them, that the substance 
in question does not contain hydrogen which is attached to phosphorus, 
any hydrogen present being due to moisture. The author points out 
that Michaelis and Pitsch’s experiments are not conclusive, and that 
AVeidner has adduced no fresh experimental evidence in support of 
the existence of phosphorus suboxide. T. S. P. 

Formula of Hypophosphorie Acid. I. and II. E. Cornec 
(Bull Soc. chim., 1909, [ivj, 5, 1081—1084, 1121— 1126).— In the 
first paper the author reviews tho evidence so far brought forward 
in favour of the simple, H. 2 P0 3 , and double, H 4 P 2 O 0 , formulae for 
this acid. It is pointed out that the five sodium salts prepared by 
Salzer (Abstr., 1886, 420) can all be regarded as derived from an 
acid represented by tho simple formula, and that evidence furnished 
by (I) the decomposition of the salts by heat (balzer aud Joly), and 
(2) the electrical conductivity (Rosenheim, Stadler, and Jacobson, 
Abstr., 1906, ii, 744, and by Parravano and Marini, ibid., 744, 848) 
is not conclusively in favour of cither, although the latter, by analogy 
with the case of sodium pyrophosphate, to a certain extent supports 
the double formula. Ebiillioscopic determinations of the molecular 
weight of the mothyl ester are in favour of the simple formula 
(Rosenheim, Stadler and Jacobson, loo. cit.). 
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In the second paper, the author gives the results of measurements c 
the lowering of freezing point of solutions of hypophosphoric ac jj 
its potassium salts, an 4 of solutions of th^.^iji progressive] ’ 
neutralised with potassium hydroxide, sodium hydraxiSe, pr ammor / 
(Abstr., 1909, ii, 972). These all afford evidence in'fii&ur of the 
double formula^ H 4 P 2 0 g, for this acid (compare Parravano and Marini 
loc.cit.). The only valid argument for the simple formula, HP()’ 
still remaining is drawn from the esters of this, acid, and these 2 wifj 
now he further investigated. t A. H 

Extinction of Flames. Willem B? Jorissen and N. H. SiEWEam 
van.Reesema (Ghem. Weekbiad , 1909, 6 , 1053— 1062).— An investiga- 
tion of the power of various gaseous mixtures to extinguish flame, and 
a review of previous work on this subject. . A. J. 

Inner Cone of the Bunsen Flame. Fritz Haber and Bueiutt 
S. Lacy (Zeitsch. physikal. Ghem., 1909, 68 , 726 — 752). — The paper 
consists largely of a recapitulation and discussion of results already 
published by Haber's students and others (compare Haber and 
Eichardt, Abstr., 1904, ii, 166; Davidson, Abstr., 1906, ii, 335 . 
Tufts, Physical Review , 1906, 22, 193 ; Lacy, Abstr., 1908, ii, 5 1033)! 
The experiments of Davidson and of Tufts on the electrical cort- 
ductivity of flames have been repeated by Lacy, but are only briefly 
described, as Epstein and Krassa have since made extended observa- 
tions by an improved method ; the results of which are shortly to be 
published. 

All the observations indicate that, with a plentiful supply of air 
the electrical conductivity of the inner green zone of the Bunsen flame 
is relatively high, and much exceeds that in the neighbouring non- 
luminous regions. Further, the velocity with which the water 
equilibrium is established is ranch less outside than inside the 
luminous zone. Reasons are advanced in favour of the view that 
these two phenomena are connected, both being due to the influence 
of gas ions in the green luminous zone. In this case the ions are 
produced as a consequence of the chemical changes taking place in 
the luminous zone. The effect of ionisation in accelerating the 
establishment of equilibria has already been investigated for the 
carbon monoxide flame by Ilaber and Coates (compare Abstr., 1909, 
ii, 997). G. S. 

Nitrogen Compounds of Silicon. Ludwig Weiss and Theodob 
Esgelhardt (Zeitsch. anorg. Chem ., 1909, 65, 38 — 104). — A review of 
■previous work on the ill-characterised silicon nitrides is given. Pare 
silicon is best prepared by reducing potassium silicofluoride with massive 
aluminium, abetter regulus being obtained than when aluminium powder 
is used. The regulus is crushed and extracted successively with hydro- 
chloric, concentrated sulphuric, and hydrofluoric acids. The product, 
even after repeated boiling in a state of fine powder with hydrofluoric 
acid, contains 0*3 — 0*5% Fe, 0*1% Cu, and 0*72% Si0 2 . It forms brown, 
crystalline particles, D 2‘30, and is not oxidised by oxygen at 700°. 

Heated in pure nitrogen in a porcelain tube, combination begins near 
1240 3 , the velocity of reaction increasing rapidly with the tempera- 
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ture. The product is amorphous and bulky, resembling cork, and is 
seen under the microscope to consist of several different substances. 
A.bout 4% ;i of the silioon volatilises, and forms a sublimate. The 
composition v 6f. the residue varips with the means of purification 
adopted. If 'Tailed with potassium hydroxide solution, followed by 
hydrofluoric acid, a product ‘.having the formula Si 2 N 8 is obtained, 
mixed with silica, which it is impossible to remove. If the free silicon 
is removed ^ boiling with a mixture of nitric and hydrofluoric acids, 
and the residue ignited and washed with hydrochloric acid, the 
compound SiN is obtained. 

By heating silicon in nitrogen at 1300—1400° until saturated, a 
nitride of the approximate formula Si 3 N 4 is formed, and is only slightly 
decomposed by treatment with potassium hydroxide and hydrofluoric 
acid, or with a mixture of nitric and hydrofluoric acids. 

The nitride SiN is white, and has D 3*17 ; the nitride Si 2 N 3 has 
D 3’64, and the nitride Si s H 4 , D 3 ’44, after allowing for the silica 
present. All the compounds are more or less decomposed by alkalis 
and by hydrofluoric acid. 

Heating silicon in the flame of a coke fire gives a product containing 
carbon and nitrogen, corresponding approximately with the formula 
Si 3 C 3 N. 

The estimation of nitrogen in the products is performed by heating 
with a mixture of equal parts of lead oxide, lead chromate, and lead 
peroxide in a porcelain tubo in an atmosphere of carbon dioxide, 
increasing the temperature from 000 to 1000°. Kjeldahl’a method 
gives less than half the total nitrogen. Silicon is estimated by fusion 
with potassium and sodium carbonates, as in the analysis of silicates. 
Commercial silicon is best analysed by fusion with potassium and 
sodium carbonates and potassium nitrate in a platinum crucible, which 
is first coated with a lining of the salt mixture before introducing the 
silicon. Any carborundum present is completely dissolved by these 
means. 0. H. D. 

• . i 

Action of Metals on Fused Sodium Hydroxide. I. Max 
Le Blanc and L. Bergmann 1909, 42, 4728 — 4747). — The 

action of various' metals on fused sodium hydroxide at temperatures 
ranging between 400° and 720° has been investigated, all the experi- 
ments being carried out in an atmosphere of nitrogen. Preliminary 
^experiments having shown that gold is the only metal which is not 
attacked by anhydrous, fused sodium hydroxide, the latter was always 
contained in a gold crucible, which was placed at the bottom of a silver 
Tube surrounded by a porcelain tube. This tube could be heated to 
:any desired temperature by an appropriate furnace arrangement. 
.Pure dry nitrogen was passed through the reaction tube, and the 
; extent of any reaction taking place was measured by determining tho 
^amount of water and hydrogen present in the issuing gas. , t , 

| Sodium hydroxide can he readily dehydrated at a temperature of 
[400°, and undergoes no further loss in weight on heating to 720 , so 
| that a dissociation corresponding with the equation; 2NaOH = Na 2 0 + 
?H 2 0 does not take place between these temperatures. 

• Silver and sodium react with fused sodium hydroxide under 
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evolution of hydrogen j platinum, copper, iron, nickel, alumin’ 
zinc, and magnesium cause an evolution of hydrogen, and at the ^ 
time water is eliminated. The simplest explanation of this do kT 
reaction is that the compound MfONa)*, which is formed according / 
the equation : M + aiRaOH = M(ONa)* + xH, where St is & metal, f 0 B r ° 
a more or less complex compound with J?a 2 0, resulting from the 
of water from, two molecules of the sodium hydroxide. 

The valencies of the metals were calculated from the amount of 
hydrogen evolved, and found to bo normal in the case of sodium 
magnesium, copper, iron, aluminium, and zinc. Silver, nickel ajl( j 
platinum gave abnormal values, as, for example, tervalent silver. 

When the gold crucible containing sodium hydroxide and coupe 
turnings was heated at 700°, it absorbed a not inconsiderable quantity 
of copper, forming an alloy. This alloy is not formed at this tempera, 
ture in the absence of sodium hydroxide. When silver was u§oj in 
place of copper, the silver became alloyed, and at the same time the 
silver tube containing the gold crucible took up some of the »o)d 
The latter phenomenon was also noticed with nickel, but with none of 
the other metals. Magnesium also formed a gold-magnesium alloy. 

T.S.P. 

Alkali Hydrogen Carbonates. Robert de Forcraxd (Compt. 
rend., 1909, 149, 825 — 829). — Hydrogen carbonates of the formula 
R 2 C0 3) 2RRC() 3 ,.a'H ; ,0, such as natural trona, have only occasionally 
been obtained in the laboratory. Dry potassium carbonate when left 
exposed to the air attains the composition K 2 C0 3 ,2KHC0 S . 

When dilute solutions of potassium, rubidium, and caesium 
carbonates are exposed at room temperature for several weeks, carbon 
dioxide is absorbed until the composition corresponds with the 
formuhe: 8K,CO„2KH(JCL ; 3Rb,CO„2RbHC<X and 
4C.%C0 3 ,"2 Cn \ l CO.,. 

Although the amount of carbonic acid absorbed depends oil the 
dilution, temperature, and pressure of carbon dioxide in the air, the 
results are held to indicate the formation of delinite compound!?, 
When solutions of hydrogen carbonates are boiled for prolonged 
periods, they are found to contain hydrogen carbonates of the same 
composition as the above, but the crystals deposited on evaporation 
have the composition : 5{K 2 C0 3 ,HH. 2 0),4KHCl>, ; 

3( Rb 2 C0 3 , 1 ] tf.,0), 2 1 i b HCOj ; 

5(Cs 2 C0 3 ,3iH„0),2CsH.C0 3 , The last is converted on the watorhath 
into 5 (CsjCOg, 2 H 2 0),2CsliC0 3 . 

The heats of formation of these hydrogen carbonates are negative 
and small in value. R* J. C-. 

Hydrates of Rubidium and Caesium Hydroxides. Robert be 
Fokcrand { Compt . rend. , 19l)9, 149, 13 tl — 1344. Compare Abstr., 
1906, ii, 445). — Wheu an aqueous solution of rubidium hydroxide is 
allowed to evaporate at 15°, crystals of the hydrate RbOH,2H £ 0 are 
deposited ; these have m. p. 45 — 46 J , and heat of solution -0’646 Cal 
at 15°. The thermal properties of rubidium hydroxide and its 
hydrates are closely analogous with those of the corresponding 
potassium compounds. 
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The monohydrate of caesium hydroxide already studied (loc. cit.) is 
more stable than those of the rubidium and potassium hydroxides. 
Although therpiochemical measurements indicate the probable exist- 
ence of aL'dihydrate, this has not yet been isolated, the crystals 
deposited when a solution of csesium hydroxide is allowed to evaporate 
being those of the monobydrate contaminated by mother liquor. 

A saturated solution of rubidium hydroxide at 15° contains 64*17% 
of RbOH, whilst a saturated solution of the ctesium compound contains 
79*41%‘ of CsOH. W. 0. W. 

Acid Sulphates. V. Join D’Ans ( Zeitsch . anorg. Chem ., 1909, 
65, 228 — 230. Compare Abstr., 1909, ii, 885). — Determinations of 
the solubility of ammonium snlphate in mixtures of sulphuric acid and 
water at 25° indicate the separation of three solid phases : ammonium 
sulphate, and the acid salts (NH 4 ) 3 H(S0 4 ) 2 and NH 4 HS0 4 . The com- 
position of the second salt was confirmed by isolation and titration. 
Washing with alcohol or ether is impracticable, on account of decom- 
position of the salt, and mechanical separation of the acid must there- 
fore he employed. 

Unlike sodium and potassium sulphates, the solubility of which 
increases with increasing sulphuric acid concentration, that of 
ammonium sulphate falls to a minimum, and then rises only very 
slightly to the limiting solntiou : (N H 4 ) 2 S0 4 - (XH 4 ) 3 H(S0 4 ) 2 . The 
curve for (NH 4 ) 3 H(S0 4 ) 2 also has a minimum. C. H. D. 

Action of Heat and Light on Silver Sulphite and its Alkali 
Double Sulphites. Amount of Dithionate Obtained. Henri 
Baubigny (Compt. rend-., 1909, 149, 858 — S60. Compare Abstr., 
1909, ii, 1004),— Analysis of the products obtained by decomposing 
silver sulphite under various conditions shows that as much as 89*84% 
may be converted into dithionate, whilst the remainder is converted 
into sulphate. Sodium silver sulphite may give as much as 9 i *5% of 
sodium dithionate. . 

Silver sulphite is perfectly stable in the dark, but m diffused light 
it is slowly decomposed, giving dithionate and a small proportion of 
sulphate. R * J * C ‘ 

Necessity for Exactness in Describing Reactions. [Action 
of Heat on Sulphites.] Henri Baubigny (Com.pt. rend., 1909, 149, 
1378) —Polemical against Colson (compare this vol., ii, 34), pointing 
out that nowhere in'the literature is there the statement, ascribed by 
Colson to Berthier, that the double sulphites of the alkali metals and 
of silver decompose with the formation of sulphate. • • 

New Preparation of the Second Anhydrous Modification of 
Calcittm Sulphate. Paul Kohland (Zeitsch. anorg. them., 1909, 
65, 105— 107).— When either gypsum or the hemihydrato is dissolved 
in hob concentrated sulphuric acid, an anhydrous salt separates on 
cooling, which proves to be the second anhydrous cacium su pia e, 
known as Estrich gypsum. There are, in addition to the naturally 
occurring anhydrite, four anhydrous modifications of calcium sulphate. 
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(1) Kraut’s anhydride, obtained at 100°; (2) van’t Hoff’s anhydride 
also prepared at 100% find-- hydrating, very rapidly ; (3). dead-bur^ 
gypsum, prepared above 1^0°, incapable of hardening ; (4) a modifier 
tion prepared by heating* above 530° t? or by the action.,, M sulphuric 
acid, hydrating -very slowly. . *V<0. H. ]). 

Decomposition of Calcium Carbonate. Ernst H. Riesenfeu) 
(J. Chim. phi/s., 1909, 7, 561— 569).— NeW measurements of th e 
dissociation pressure of calcium carbonate have been made with the 
object of explaining the discrepant results obtained by Brill ■ (compa, re 
Abstr., 1905. ii, 522). The following values are recorded in mm of 
mercury: 700°, 50; 750°, 99; 800°, 195; 850°, 370; 900°, 700. 
These data are in good agreement with the thermodynamic equation 
of Nernst, And by means of this equation the dissociation pressures 
are calculated for every 100° between 600° and 1500°. H. M, D, 

Solubility of Cadmium Sulphide in Light Petroleum Con- 
taining Oil. G. C. A. van Dokp and J. Rodenburg (Chern. WeelcUad ' 
1909, 6, 1038). — A colloidal solution of cadmium sulphide is obtained 
by triturating this substance with oil and adding light petroleum. 

A. J. W. 


[Formation of Alloys by Pressure.] Waltfiere Spring 
(Zeitsch. Elektrochem 1909, 15, 984).— Tho author agrees with 
Tammann’s view (Abstr., 1909, ii, 669) that the formation of alloys 
under pressure is a result of diffusion, which is not accelerated by the 
pressure. . T. E. 


Constitution and Heat Contents of Lead-Tin Alloys. W. 
Guertler ( Zeitsch . Elektrochem., 1909, 15, 953 — 965). — v fhe recent 
investigations of Rosenhain and Tucker (Abstr., 1908, ii, 1038) and of 
Degens (Abstr., 1909, ii, 888) leave the question of the cause of the 
development of heat at about 150° undecided ; it may be due to 
decomposition of mixed crystals of lead and tin (Guertler, Abstr., 
1909, ii, 319), or to tho formation of a compound of about the 
composition Sn 3 Pb 4 . Using measurements of the quantity of heat 
given out by mixtures of lead and tin in cooling from 380° to 100° 
made by Spring in 1886, and the melting-point curve determined by 
Rosenhain and Tucker and Degens, the author has calculated the heats 
of fusion of different alloys of tin and lead. The values obtained are 
very much larger than those calculated on the assumption that 
the heat of fusion of the alloy is the mean of the heats of fusion 
of its constituents. This shows that liquid tin and lead must givo 
out a considerable quantity of heat when they are mixed together, 

T. E. 


Peroxidieed Compounds. Luigi Marino (Zeit&ch. anorg . Ghm., 
1909, 65, 25 — 31). — The isolation of a salt, Pb 2 Se 2 0 7 (Abstr., 1909, 
ii, 575), proved lead sesquioxide to be a true feebly-hasic oxide, 
and not a salt of the dioxide. In the attempt to prepare other 
sesquioxides, the liquid obtained by the addition of an acid solution 



INORGANIC CHEMISTRY. 


ii. 127 


3 f potassium permanganate to a mixture of hydrogen peroxide and 
sulphuric acid at 15°, supposed by Berthelot to contain the 
Compound H 2 0 8 , has been examined . 

The solution ia .capable pf oxidising sulphurous acid completely 
to sulphuric hcid. It is probable that the compound present is a 
higher acid of manganese, as the curve connecting volume of oxygen 
3 volved, # the absence of sulphurous acid, with time has exactly the 
same form as that obtained with a mixture of chromic acid and 
hydrogen peroxide, in which perchromic acid is known to be present. 
It is shown that the oxidation of the sulphurous acid is not due 
to the action of free oxygen in supersaturated solution. C. H. D. 

Relation of Thallium to the Alkali Metals : a Study of 
Thallium Zinc Sulphate and Selenate. Alfred E. H. Tutton 
{Proc. Roy. Soc. y 1910, 83, A } 211 — 226). — A detailed crystallo- 
graphic examination of the double salts: T1 2 S0 4 ,ZqS0 4 ,6H 2 0 and 
Tl 2 Se0 41 ZnSe0 4 ,6H 2 0 has been made. 

The various crystallographic data and the morphological angles are 
tabulated. The double sulphate was found to have 13 3*7204 by the 
author’s pyknometer method ; consistent results could not be obtained 
for the double selenate. 

From a comparison of the thallium salts with the corresponding 
potassium, rubidium, ammonium, and caesium salts, the author 
loncludes that the morphological and physical properties of the 
:rystals of the thallium double salts are such as quite entitle them to 
daces in this isoinorphous series, but not to places in the more 
occlusive eutropic series obeying the law of progression according to 
ihe atomic weight of the interchangeable metals. 

The position of thallium in either the simple or double salt series is 
mry close to that of ammonium, and therefore also to that of rubidium. 
This does not hold, however, for the refractive power. In respect of this 
property, the thallium double salts are quite exceptional, in that they 
jxhibit abnormally high refraction, and a larger amount of dispersion 
md of double refraction. The mean refractive index of thallium zinc 
sulphate for sodium light is 1*6064, whereas the values for the other 
:our double sulphates range from 1*4859 to 1*5054. H. M. D. 

Acid Sulphates. VI. Joh. D’Ans and 0. Fritsciie (Zeitick. 
morg. Chem., 1909, 65, 231—232. Compare this vol., ii, 125).— 
Thallium sulphate and dilute sulphuric acid form two acid salts, 
n 3 H(80 4 ) 2 and T1HS0 4 , the limits of existence of which at 25° have 
been determined. The curves differ from those of the alkali sulphates, 
the solubility increasing almost continuously with the sulphuric acid 
concentration. ^* 

The System Mercuric Chloride and Mercurous Chloride. 
W. P. A. Jonker {Chem. WeeWad, 1909, 6, 1035-1 038).-Merouric 
chloride has m. p. 277° and b. p. 301°. Addition of mercurous 
bhloride lowers the m. p. to the eutectic point 271°. A saturated 
Solution of mercurous chloride in mercuric chloride contains lJ% o 
the former, and has b. p. 304°. Mercurous chloride sublimes at 373 . 
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Resolution of Ytterbium. Carl Auer von W elsracii Mf nw 
1909, 30, 695 — 700 + i—vi).— Polemical (compare Welsbach, ’ 
1908, ii, 591). . Disputes Urbam^s- diaim of priority (compare 
1907, ii, 956 / 1908, if, 849). ‘ E. p • 

Electrical Properties of Aluminium Copper Alloys. \y, T 

Broniewski (Compt. rend., 1909, 149, 853—855. Compare P us ^' 
Abstr., 1907, ii, 774). — Determinations were made of the electr' ’^i 
conductivity, temperature-coefficient of resistance, solution potent* l 
and thermoelectric power of a complete series of alloys of copper a 1 
aluminium. Alloys containing more than 12% of either metal, whi**! 
are very brittle, had not been investigated previously. The electrical 
properties in question were often greatly modified by annealiup tut 
the inferences drawn from the curves of both tempered and annealed 
alloys are the same. The annealing was carried out in an electric 
furnace for four to five hours at a temperature somewhat below the 
solidus of each alloy. 

The curves indicate the compounds Al 2 Cu, AlCu, Al 2 Cu 3 , AlCu 
compound Al 2 Ciig has not been detected previously, but the other three 
were found by Le Chatelier and by Guillet (Abstr., 1905, ii, 712) 
Carpenter and Edwards (1907) found no evidence for the compound 
AlCu, but, on the other hand, their compound A!Cu 4 could not be 
detected by the author. 

The compound AlCu., is depolymerised above 500°, when the larger 
crystals are split up into finely crystalline masses, and the electrical 
resistance is doubled. R, J. c, 

i 

Crystalline Structure of Iron at High Temperatures. 
Walter Roseniiain and J. C. W. Humfrey {Proc. Hoy. Soc., 1910, 
83, A, 200 — 209). — The structural changes which accompany the 
deformation of iron at high temperatures have been investigated. 
The material employed for most of the experiments was a pure fora 
of commercial iron of very low carbon content. To remove oxygen, 
the metal was heated to about 900° in a current of pure dry hydrogen. 
A strip of this iron, the surface of which had been polished previously, 
was then placed in a specially designed piece of apparatus, in which ii 
could be electrically heated in a vacuum and subjected to stress whilst 
at a high temperature. By means of comparative observations on 
specimens which were heated without straining, the changes in the 
structure which resulted from the rise of temperature could be 
distinguished from those which' were a consequence of the applied 
stress. 

Under the conditions of the experiments, the strips of metal were 
not uniformly heated, and whereas the temperature of the central 
portion exceeded 1000°, the metal at and near the ends did not reach a 
visible red heat. Corresponding with the distribution of temperature, 
the micro-structure exhibits three distinct regions when the strips are 
examined from the central portion towards either end. 

The structural differences lead to the conclusion that pure iron 
between the ordinary temperature and 1000° exists in three distinct 
modifications possessing widely different mechanical properties. The 
temperature ranges in which these modifications exist are consistent with 
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jlie view that they are identical with the a-, j3-, and y-forms of Osmond 
L nd Roberts- Austen, as indicated by cooling curves. The deformation 
jbservations also indicate that /3-iron, although existing at a higher 
temperature, is harder and stronger than a-iron, and that the reversible 
transformation of these forms is, accompanied by a change of volume. 
Che y-iron obtained in the case of approximately pure iron exhibits 
Jie structure and properties of the “y-iron” alloy steels. 

II. M. D. 

Passivity of Iron. P. Krassa (ZeitscL Elektrocfam., 1909, 15, 
381— 984).— A reply to Muller and Kbnigsberger (Abstr., 1909, 
ii 1016). The author maintains his former criticism (Abstr., 1909, ii, 
738), and insists further that the potentials of Muller and Konigs- 
berger’s mirrors were so abnormal that their behaviour cannot be 
regarded as proving anything about ordinary iron. T. E. 

Retardation of the Oxidation of Iron by Chromic Chloride. 
Paul Rohland ( Zeitsch . J2lektrockem. f 1905, 15, 865 — 866). — Chromic 
chloride retards the oxidation of iron ; an increase of the concentration 
of the hydrogen ions in the solution causes the protection to disappear. 
The action persists in presence of chlorine ions, and to a less extent in 
presence of bromine ions. Ferric chloride is, however, an exception ; 
possibly the hydrogen ions formed by hydrolysis account for this. 
Chromic ions protect iron in presence of sulphates, but not in presence 
of nitrates. T. E. 

Carbon Monoxide in Steels. E. Goutal (Compt. rend., 1909 
149, 1129—^1131). — The author has shown previously (Abstr., 1909, 
ii, 519) that when steels are dissolved in solutions of copper salts, 
gases are evolved which contain carbon dioxide and monoxide. The 
percentage of carbon monoxide was estimated by making use of the 
oxidising action of iodine pentoxide at 75°, and found to have a mean 
value of 0*014%. These results are now confirmed as follows. The 
evolved gases were swept by a current of nitrogen through a series of 
tubes, each containing 25 c.e. of a 1% solution of defibrinated guinea- 
pig’s blood. Each tube could absorb a known quantity of carbon 
monoxide, and by determining the number of tubes which showed the 
characteristic absorption spectrum of carbon inonoxide-h;cnioglobin, the 
percentage of carbon monoxide could be found. 

The percentages thus determined are independent of : (1) the 
amount of steel taken; (2) the duration of the experiment ^ (3) the 
acidity of the copper solution used; (4) the suostitution of cupric 
chloride by a solution of iodine in potassium iodide; (5) the gas (air 
or nitrogen) employed for sweeping out the evolved gases. 

Analyses of different steels show that the percentage of carbon 
monoxide does not appreciably exceed 0 0 14. This percentage (0 014) 
remains approximately constant for ordinary steels containing more 
than 0*3% of carbon. Nickel steels contain a much less, and chromium 
steels about the same, percentage of carbon monoxide as ordmaiy 
steels of the same carbon content. 

Samples of steel were taken from a Siemens Martin furnace one 
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hour and then forty-five minutes before tapping, and also j us t ^ 
and just after the addition of ferro- manganese. The percentage^! 
carbon monoxide remains pracfcjt^ly constant during the Jf \!i 
of decarburisation ; it- then falls considerably just before the addit’ 
of ferro-manganese, to rise to its final value after the ferro-ujangati ** 
has been added. This is true for both soft and hard steels, in whit 
the percentages of carbon monoxide are respectively 0-0063 i 
0*0137. . ,4 • - J 'JU* 


Oxygen Evolved from Ferric Oxide at High Temper^ 
Siegfried Hilpert ( Ber 1909, 42, 4893 — 4895). — In contradisti Qc 
tion to Walden (Abstr., 1908, ii, 852), the author has not been able to 
determine the temperature at which the pressure of oxygen over 
ferric oxide is equal to that of the atmosphere. The results varv 
considerably with the method of preparation and previous treatment 
of the ferric oxide, and the velocity with which equilibrium is attained 
is extremely slow. In general, the amount of ferrous oxide formed bv 
heating ferric oxide in the air to 1300° did not exceed 5°; only above 
1350° was there further loss, of oxygen. In one experiment, heatim* 
the ferric oxido to 1600° only increased the percentage of ferrous 
oxide from 2*95 to 3*1%. 

It is pointed out that thermodynamical calculations accordin'*? to 
Nernst’s theorem are totally untrustworthy when the dissociation of 
such substances as ferric oxide is taken as the basis. T. S. P. 


Phosphorus Compounds of Iron. N. S. Konstaninoff (/. Bm. 
Phys. Chew . *$ r oc., 1909, 41, 1220—1240). — The alloys of phosphorus 
and iron were divided by Stead (J. Iron and Steel Inst., P900, 58, 60) 
into five classes: (1) those containing 0 — 1*7% of phosphorus and 
consisting of solid solutions of Fe 3 P in iron ; (2) alloys with 
1*7 — 10*2% of phosphorus, which form solid solutions of Fe 5 Piniron 
and give a eutectic alloy (10‘2% P) consisting of a definite solid solution 
and the phosphide Fe 3 P ; (3) those with 10*2 — 1 5*58% P> also consisting 
of the eutectic and Fe 3 P, the m. p. of the latter (15*58% P) being 
1060°; (4) alloys containing 15*58 — 21’6% P and consisting of Fe s P 
and Fe 2 P ; (5) those with more than 21 *6% P and containing Fe^P and 
another phosphide richer in phosphorus: These results were confirmed 
by Saklat walla (J. Iron and Steel lust., 1908, 77, 92 — 103), who gave 
a melting-point diagram for these alloys. 

The author’s investigations of iron-phosphorus alloys containing up 
to 21*Q% (32*4 atom.%) of phosphorus show that the solidification- 
point diagram consists of three branches : (1) AB , falling from 1511°, 
the ,p. p. of iron, to 1020°, corresponding with 10*2% Fe; (2) BC, 
rising continuously from B to C , and corresponding with the separa- 
tion of crystals of the phosphide Fe s P. The separate solidification 
curves exhibit two halts, one showing a regular rise corresponding with 
the separation of crystals of the phosphide, and the other at a constant 
temperature corresponding with separation of the eutectic and 
gradually diminishing in magnitude as C is approached. Mierograpkc 
examination of these alloys shows the presence of rhomboid&l plates of 
Fe 3 P surrounded by the eutectic ; (3) CD, rising at first rapidly and 
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afterwards more slowly to the point D , corresponding with the 
phosphide Fe 2 P (compare Gercke, Abstr., 1908. ii, 1041 ; Le Chatelipr 
and Wologdine, Abstr., 1909, ii, 1017). 

A listisjim oHhe known phosphides, arsenides, and antimonides 
of the metads of the iron series of the eighth group in the periodic 
system. With the typical metals of this series, iron, cobalt, and 
nickel/these compounds are more varied in type than with the initial 
members, manganese and copper. With the metals of the other groups 
of the periodic system, these compounds are, in the great majority of 
cases, derived from the hydrogen phosphides PH 3 and PH.,. With 
phosphorus, the most stable compounds are those rich in metal, such as 
MgP, whilst with ai sonic and especially with antimony, compounds 
relatively poor in metal, such as MSb^ are the most stable. 

•* T. H. P, 


Iron Phosphides. Otto Kuhn (Chem. Zeit 1910,34, 45—46). 
— Le Chatelier and Wologdine (Abstr., 1909, ii, 1017) state that 
there are only four iron phosphides, namely, Fe s P, Fe,P, FeP, and 
Fe 3 P s , and, further, that the existence of the last two has not been 
proved with absolute certainty. In the course of an investigation on 
the preparation of copper phosphide by heating a mixture of bone 
ash, powdered quartz, wood-charcoal, and granulated copper, the 
author obtained a product which, on solution in nitric acid, left a 
small residuo of glistening needles, which were practically insoluble in 
hot or cold concentrated nitric acid or in dilute sulphuric acid, 
although readily soluble in aqua regia. The results of analysis agree 
approximately with the formula Fe 5 P 2 , the iron coming from the 
impurefquartz used in the preparation. These needles cannot be con- 
sidered as a solid solution of Fe 3 P and Fe 2 P, since the former com- 
pound is readily soluble in nitric acid. T. S, P. 


Electromotive Forces of Cobalt Alloys. F. Ducielliez {CmnpL 
rend., 1910, 150, 98 — -101. Compare Pushin, Abstr., 1907, ii, 3:25, 
618, 774, 837). — From the curves showing the relation between the 
composition of the alloy and the potential with respect to a normal 
solution of cobalt sulphate, the existence of the following compounds 
has been deduced : CoSn, CoSb, CoSb.,. Alloys of cobalt and bismuth 
form two phases, the one rich in cobalt, and the other and heavier, rich 
in bismuth. Bismuth lowers the melting point of the cobalt which, 
when liquid, is capable of dissolving some bismuth. From liquid alloys 
containing 0 — 94 (approx.) °j 0 Bi, the cobalt separates in a pure state on 
cooling. The results obtained with load and cobalt are similar to those 
with bismuth and cobalt, Cobalt and copper do not form compounds 
with each other, but give cither homogeneous solid solutions or two 
phase systems of solid solutions. T. S. P. 

Absorption of Carbon by Metals, Especially Nickel, in the 
Electrolysis of Aqueous Solutions. Gustav Lambris (Zeitsch. 
Elektrochem 1909, 15, 973 — 981). — The nickel which is deposited 
from a solution containing ammonium oxalate contains up to 4% of 
carbon; the smaller the quantity of nickel deposited and the larger 
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the quantity of ammonium oxalate used, the greater is the quantity 0 { 
carbon in the deposit. The carbonaceous residue obtained bv 
dissolving the nickel by copper phloride and chlorine contained 
ammonium chloride, which could not be completely removed, ^ 
percentage of carbon in the residue increased as greater precaution 
were taken to free it from ammonium salts. The ammonium salts of 
glycollic, formic, and acetic acids also yield nickel containing carbon 
but if a diaphragm is interposed between the anode and cathode 
carbon-free nickel is obtained if the cathode solution contains free 
ammonia, but not if it is kept slightly acid. Carbon dioxide also gives 
carbonaceous nickel (from nickel ammonium sulphate solution), but in 
presence of a little free ammonia, carbon-free metal is obtained, 
Since the metal obtained from ammonium oxalate solution contain? 
carbon even in presence of a large excess of free ammonia, the anodic 
carbon dioxide cannot be the source of the carbon. The same applj BS 
to carbon monoxide, which behaves in the same way as carbon dioxide. 
Methane, ethane, and ethylene give carbon-free nickel, but acetylene 
passed into the cathode solution, gives carbonaceous nickel both in 
neutral and strongly ammoniacal solutions. 

It is shown that acetylene is formed in small quantities at the 
cathode when ammonium oxalate is electrolysed with platinum and 
nickel cathodes, but not with iron, copper, or tin ; some ethane is also 
formed by further reduction of tho acetylene. 

The carbon is contained in the nickel in the form of a carbide ; when 
the metal is dissolved in hydrochloric acid, the whole of the carbon is 
evolved in the form of hydrocarbons. 

Iron, at which no acetylene is formed, is deposited from ammonium 
oxalate solutions quite free from carbon. It appears,- therefore, quite 
clear that the carbon is contained in the nickel as carbide, formed from 
acetylene during the deposition of tho nickel T. E. 

Alloys of Nickel and Copper. Emile Vigouroux (Compt. rend., 
1909, 149, 1378 — 1380. Compare Kurnakoff, Abstr., 1907, ii, 525; 
Cuertler, Abstr., 1908, ii, 557). — From an examination of the action 
of acids on alloys of copper and nickel, and by determinations of the 
IJ.M.F. produced in colls when one of the metals constitutes one of the 
electrodes and an alloy of the two the second electrode, the author is 
led to the conclusion that no definite compounds of nickel and copper 
exist, W. 0. W. 

Two New Nickel Phosphides. Pierre Jolibois [Compt. rend., 
•1910, 150 , 10G — 108). — Twenty-one grams of an alloy of tin and 
nickel containing of nickel were heated with 1 — 4 grams of 
phosphorus in a vacuous sealed tube to 700°. On cooling and 
dissolving the lower part of the ingot obtained in Tvarm concentrated 
hydrochloric acid, small, prismatic crystals of metallic appearance 
were left, having a composition corresponding with the formula 
NiP 2 , and D 18 = 4'62. They are soluble in nitric acid, decomposed by 
fused sodium hydroxide, and lose their phosphorus at 650°. 

If the proportion of phosphorus in the reaction mixture is increased 
to 7—10 grams, hydrochloric acid leaves a mixture of tin phosphide 



INORGANIC CHEMISTRY. 


ii. is; 


(SdPj) with another nickel phosphide, having the formula NiP 
These are separated [ ? by heating the mixture in a vacuum to 360"’ 
whereby the cpmpound SnP s loses phosphorus, giving the compound 
Sn 4 P 3 (compare Abstr., 1909, ii, 319), which is then readily soluble 
in hfcfrochloric acid. This second phosphide of nickel forms 
microscopic crystals of metallic appearance, which are readily 
soluble in nitric acid, and is decomposed, with incandescence, by 
fused sodium hydroxide ; the phosphorus is lost at 580° ; D 18 = 4-19. 

T. S. P. 

Mixed Halogen Compounds of Tin. Victor Auger (Compt. 
rend., 1909, 149 , 860 — 862 ). — Numerous compounds of the types : 
SuCljBr, SaCl 2 Br 2 , SnClBr g have been described, all of which are said 
to decompose on distillation into the simple stannic salts : SnX 4 , SqY 4 . 

The author shows that mixtures of 8nBr 4 and Snl 4 give a normal 
freezing-point curve with a eutectic at the composition SnBr 3 . 2 I 08 . 
The supposed compound, SnBr 2 T 2 , melting at 54° is identical with an 
equimolecular mixture of SnBr 4 and Snl 4 , and may be separated by a 
series of ten fractional crystallisations into fractions melting at 88° and 
27°, of compositions SnBr r J 2 . 8 and SnBr 2? I 13 respectively. Similarly, 
the supposed compounds !SnBrI 3 (m. p. 103°) and SuBr 3 I may be 
partly resolved by crystallisation. 

The cooling curve of SDBr 2 I 2 from 55° is an unbroken line, such 
as is given by a mixture, although the crystals are brilliant and 
apparently homogeneous. The author suggests that in all molten 
mixtures of the composition SnBr a r, 4 _ H „ the halogen atoms are 
perfectly mobile. The same is suggested for the chlorobromides and 
iodochlorides. R. J. C. 

Natural Zirconium Dioxide. Ludwig Weiss [and, in part, 
Richard Lehmann] ( Zeitsch . anorg. Cheni., 1909, 65 , 178 — 227). — 
Native zirconium dioxide, baddeleyite, instead of being isomorphous 
with rutile and cassiterite, is monoclioic. If artificially crystallised 
from borax, however, it is quadratic, and isomorphous with rutile. 
Several hundred kilograms of the native mineral from Brazil have 
been used for the investigation. It contains 88’09% ZrC 2 , 7*39% Si0 2 , 
0‘74% Ti0 2 , and 3*78% Fe 2 0 3 . About one-half of the impurities may 
be removed by boiling with hydrochloric acid, and rather more by 
heating with sodium sulphate, salt, and carbon. Pure zirconia is 
obtained by heating the mineral with potassium hydrogen fluoride, 
and crystallising the double fluoride. 

For analysis, the mineral is fused with sodium hydrogen sulphate. 
Iron is separated, with aluminium if present in small quantity, by 
precipitation with ammonium sulphide from a hot solution containing 
ammonium oxalate and tartrate. After removal of organic salts from 
the filtrate, the zirconium hydroxide is precipitated with sodium 
hydroxide and hydrogen peroxide, titanium being left in solution. 


The following 

analyses 

represent dense frag 

ments : 


Total. 

Zr0 8 . 

Fe 2 0 3 . 

A1A- 

Ti0 3 . 

SiO r 

H a O. 

I. 92*07 

2*73 

1*17 

trace 

2*73 

0*88 

99*58 

II. 84*96 

7*01 

3*99 

trace 

T57 

1*04 

98*57 

vol. xcviii. ii. 
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Pare zirconia is obtained by a long process, which is described i 
detail. Repeated fractionation, does not produce any indication of & 
separation of the zirconium into two constituents. Bmall qnantitie 
of rare earths have been recognised spectroscopically, but scandium j] 
present only in faint traces. 

The specific gravity varies, even of pure samples, and is apparently 
dependent on the extent of the previous heating. After compress^! 
to form rods under a pressure of 8000 kilograms per sq. cm., it UjJj 
be fused by a powerful arc, using 500 amperes or more, and then has 
D 18fl \5*48. The linear coefficient of expansion is a = 0 00000084, very 
near to that of fused quartz. Crucibles, etc., may be made by mixi DB 
the zirconia with 10% of magnesia, or clay. Platinum may 
rendered completely liquid by beating in a zirconia crucible with an 
oxy-hydrogen flame. Quartz may also be melted without destruction 
of the crucible. Other technical applications are described. 

C.H.D. 

Thorium. H. von Wartenrerg (. Zeitsch . Eliktrochem 1909, 15 
866—872). — Thorium is prepared by electrolysis of thorium chloride 
dissolved in a mixture of fused potassium and sodium chlorides (Abstr., 
1906, ii, 678). The action of the electrolyte on the porcelain crucible 
is avoided to a great extent by using a graphite crucible which fits 
closely into the porcelain crucible, both as anode and as containing 
vessel for the fused salts. The cathode is a graphite rod, and the 
electrolysis is carried out as rapidly as possible in an atmosphere of 
nitrogen. The metal is obtained in the form of crystals mixed with 
carbon, from which it is separated by means of methylene iodide. 
Careful analyses gave 87‘6 to 88 9% thorium, 0*06% iron, 0*04% 
sodium, 0*03% silicon, and 0*15% carbon (mechanically admixed). The 
remainder was oxide. Microscopic examination showed this to be 
mixed with the metal; it is left in the form of a felted mass when the 
metal is dissolved in acid. Experiments with mixtures of lead and 
thallium with their oxides show that mechanically-admixed oxides do 
not affect the ductility of these soft metals very seriously, so that the 
ductility of thorium cannot be used as an argument in favour of its 
purity (Abstr., 1909, ii, 53). The heats of formation of thorium oxide 
and chloride were determined and corrected for the impurities present: 
Th + 0 2 = Th0 2 + 326-0 ± 0*5% Cal. 

Th + 2C1 2 - ThCl 4 + 300*2 ±067% Cal. 

The results are giveD in kilogram calories. 

The metal melted at 1700°, but the carbon in it combined with it, 
forming about 2% of carbide, which would lower the melting point 
very considerably. Thorium sulphide has been prepared, and its formula 
is shown to be ThS 2 . E. 

The Atomic Weight of Vanadium. Wilhelm Prandtl and 
Benno Bl b yeb. ( Zeitsch . anorg. Chem., 1909, 05, 152 165).-- 
Vanadium oxy-trichloride, VOCl s , is the only vanadium compound 
capable of being obtained in a state of sufficient purity for atomic 
weight determinations. Ammonium metavanadate is three times 
precipitated from its boiling solution with ammonium chloride, ignited, 
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heated with hydrofluoric acid, and then mixed with carbon and 
ignited, first in a current of hydrogen and then in one of chlorine. 
The product. is^.fraetionally distilled, and then has b. p. l24*4 0 /723 mm 
(corr.). When no longer changed by further fractionation, it has 
Di 55 1*8362/ The vapour density proves it to be undecomposed. 

The liquid is distilled into glass bulbs and weighed ; the bulbs are 
broken in glass flasks containing water and zinc. After acidifying 
with nitric 'apid and filtering, the chlorine is precipitated with silver 
nitrate. "*The mean result of nine determinations obtained is V = 51*0 
(Ag= 107’880 ; Cl = 35 460), which is lower than the previously 
accepted value, 51*2. The difference is explained by a criticism of 
Roscoe’s method. q jj j> 

Solution of Platinum in Sulphuric Acid and the Products of 
Reaction. Marcel Delepine ( Compt . rend., 1910, 150, 104—106).— 
Quennessen (Abstr. , 1906, ii, 551) has attributed the solvent action of 
sulphuric acid on platinum to the intermediate action of oxygen of 
the air. The author shows that all Queonessen’s results can be 
explained by assuming that the reaction, as represented by the equation 
2Pt + 7H 2 S0 4 - — 20H*Pt(S0 4 H) 2 + 3S0 2 4* 4H! 2 C), is reversible. 
Sulphuric acid and spongy platinum were boiled up together in a flask, 
while various gases were passed through the liquid. With carbon dioxide, 
the reaction proceeded according to the above equation. When air 
was used, twice as much platinum dissolved, and less sulphur dioxide 
was evolved, owing to the oxidation of the sulphur dioxide to trioxide 
under *fche* influence of the platinum. With oxygen, four times 
as much platinum dissolved, and less still sulphur dioxide was 
evolved. When a mixture of carbon and sulphur dioxides was used, 
;no solution of platinum took place, and, in some cases, platinum was 
precipitated from solution. 

The compound of platinum mentioned above can bo isolated in the 
form of the potassium salt, 0H , Pfc(SO 4 H)*SO 4 K, by adding a dilute 
solution of a potassium salt to the orange-yellow liquid. If the 
platinum is boiled with sulphuric acid for a long time, the liquid 
becomes darker and darker in colour, finally almost black, and after 
jthirty hours may contain more than 20 grams of platinum per litre. 
From this solution a brown compound can be obtained, having the 
formula Pt(0H) 2 'S0 4 H,H. 7 0, and crystallising in rectangular prisms, 
which are very soluble in water, concentrated sulphuric acid, alcohol 
isind acetone. At 100° it loses 1 *5H 2 0. The compounds can also be 
obtained by the oxidation of platinum dioxide with nitric acid. 

T. S. P. 


Mineralogical Chemistry. 


Volcanic Gases.* Albert Brun (Bull. Soc. ckim., 1910, [iv], 7, 4). 
-It is pointed out that tbe use of the word “fumarole” in Gautier’s 
e-statement (Bull. Soc. ckim M 1909, [iv], 5, 982; compare Abstr., 

10—2 
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1909, ii, 744, 745) of the author’s argument in favour of the vi e * 
that aqueous vapour is of little importance in volcanic expl Og j 0 
(Abstr.i 1907, ii, 33), is confusing. T. A. H. 

Gas from Thermal Springs: Presence of Krypton and 
Xenon. Charles Moureu and A. Lepape (Compt. rend., 1909, 149 
1171 — 1174). — The authors have recognised the presence of krypton 
and xenon in twenty-six French thermal springs. The fact was 
established that the gases did not come from the atmosphere in th 6 
vicinity of the springs. W. 0. W, 

Dawsonite, a Sodium-Aluminium Carbonate. TtiCH.\im p, 9 
Graham (Trans. Roy. Soc. Canada, [iii], 2, iv, 165 177). — This mineral 

is found in two dykes in Montreal, at Tenes, Algeria, and i a 
Tuscany. Terminated crystals are very rare, but the author found 
a few belonging to the orthorhombic, holosymmetric class 
0*6475 : 1 : 0*5339]. The optical properties were studied. Some very 
pure crystals on analysis gave 

Al 2 0 3 . Na. 2 0. CaO. MgO. C0 9 . 1I 2 0, 

35*70 21*62 1*59 trace 31*56 11*51 

agreeing with the formula Al 2 0 3 , Na^O, 200^,2 H a O. A small amount 
of calcium was present- as admixed calcite. Neither water nor carbon 
dioxide is lost at 140° ; long heating at high temperature is necessary 
to expel these constituents completely. Two constitutional formulae 
are suggested : ONa*Al(OH)*0*CO‘OH and Al(OH)2*0*CO*CiK&, th& 
first of which is considered the more probable. E. J. R. 


Chemical Investigation of a Uranium Mineral from Borneo. 
G. P. Tscbernik (Bull. Acad. Sci. St. Pelersbourg , 1909, [vi], 3, 

1203 1212). — This mineral occurs in well-formed, iron -black crystals, 

D 16 9*057, hardness 5—6, exhibiting marked radioactive properties, 
The analytical results of two different specimens are as follows: 


Si0 2 . UO a . 

U0. 2 . 

PbO. 

ThO a 

Y.jO;,, t'tC. 

CaO. FeO. 

0*77 40*95 

41*24 

8*51 

5*03 

1*56 

0*18 0*91 

0*76 40*38 

41 15 

8*49 

5*00 

1*57 

OTS 0*90 

BiA. 

MgO. 

CuO. 

h 2 o. 

Total. 

D 1 ’ 3 . 

trace 

trace 



0*52 

99*07 

9*059 


trace 

trace 

0*52 

99*45 

9 05(5 

These numbers 

show that 

the mineral 

consists of 

broggorite, 1 


corresponding tormuia oemg : J „ _ ftTr A 

4Si0,,45UO 3 ,48UU 2 , 1 2Pb0,6Th0 2 ,2 Y 2 O s ,CaO,4FeO,9H J 0. 

Further analysis of the rare earth constituent shows that it contain) 
ytterbia and ceria in the proportion Y,O s : Ce.,0 3 = 5 : .1, the am 
fraction containing oxides, of cerium, lanthanum, 
praseodymium in the proportions : Ce 4 O s :LajO s : Nu 4 O s . r 2 ..j 
8 : 5 : 1 : 2. LU ' 


Isomerism in the Group of Alumino- and 

Wladiuir I. Vernadsky (M. Acad. Sci. Si. Petersboury , ' 

1183— 1202).— In addition to alumiuo-(or ferri-Jsilicates naviD 0 
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structure of kaolinite (derivatives of clay), chloritoids (derivatives of 
M,A|,Si<U and chlorites [derivatives of Al 2 Si J+m O, +!m .„(OH).„ or 
a group of alumi no-silicates is possibly derived from 
orthosilicates, and having the general formula : (M„SiO x ) B ,oA where A 
= MA.l 2 Si 2 0g (or MFe 2 Si 2 0 3 ) or MAl 2 Si0 6 . To this group belong : 
(1) melilite, (CagSiO^^^CaAlgSigOg, where p = 3*5 and q= 1*2: (°2) 
gehlenite, Ca 2 Si0 4 CaAl 2 Si0 6 , and (3) ilvaite, H 2 0 - (Fe a SiO ) , - 
CaFe 2 Si 2 0 8 , where p = 2. In their properties these compounds 
differ from the compounds MAl 2 Si 2 0 8 , and approximate to the 
minerals M 2 Si0 4 . This series ofsilicatos is analogous to the kaolinite 
series and to the granites isomeric with them. 

Isomerism in the kaolinite series is of three kinds: (1) symmetry 
isomerism ; (2) transposition isomerism, an example of which is shown 
by the granite, CaAl 2 Si 2 0 8 (nucleus),Ca 2 Si0 4 , and the member of the 
melilite series, Ca 2 SiO 4 (nucleus),CaAl 2 Si 2 0 s ; (3) isomerism of rearrange- 
ment, as seen in lawsonite, CaALSi 2 0 8 ,2H.,0, and Gibbsite, 
H 2 Al 2 Si 2 0 8) Ca0 J H 2 0. “ " T. H. P. 


Physiological Chemistry. 


Acapnia and Shock. IV, Fatal Apncea after Excessive 
Respiration. Yandell Henderson (Amer. J. Physiol ., 1910, 25, 
310 — 333. Compare Abstr., 1909, ii, 421). — One of the most marked 
symptoms of pain is hyperpncea, and the drugs which relieve pain 
quiet breathing. The forced breathing leads to apnma, owing to 
the carbon dioxide being swept out of the body ; the apncca in 
the end leads to the phenomena of .shock; and, in fact-, the symptoms 
of shock can be induced in normal men and animals by excessive 
ventilation of the lungs. This in animals can be carried so far as to 
be fatal. This is due to lack of oxygen, primarily produced by the 
inactivity of the respiratory centre, which is not excited owing to the 
absence of carbon dioxide. The administration of that gas during 
apnoea causes breathing to recommence. Failure of respiration after 
intense pain is produced in the same way. W. D. H. 

Union of Oxygen in Blood. Wilhelm Manchot [and, in part, 
W. Bbandt] (Annalen, 1909, 370, 241— 285).— An investigation on 
the relationship existing between the absorption of certain gases by 
blood and (1) the temperature, (2) the partial pressure of the gas, and 
(3) the concentration of the blood, carried out with the object of 
obtaining information on the absorption of oxygen by blood. 

A complete analogy is found to exist between the metallic salts 
which combine with gases, and blood-pigment in their behaviour 
[towards certain gases ; thus, not only does blood-pigment combine with 
[acetylene, carbon monoxide, ethylene, nitric oxide, and oxygen, hut the 
[dissociation is conditioned by the same factors as those which determiue 
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the dissociation of the compoUiidB of cuprous chloride with these gases 
(compare Manchot and Friend", Abstr., 1908* ii* , 375 Manchot and 
Bifmdt, this vol, i, 85). - v , - 

; TThe compounds of hsemoglobin with acetylene and ethylene are 
dissociated to the greatest extent, whilst the degree of dissociation 0 f 
the oxygen compound is slightly greater than that of the compo^ 
with carbon monoxide or nitric oxide. Changes of temperature and 
pressure produce a greater effect on the ethylene compound than 
on the carbon monoxide compound ; in the case of the fo raier 
substance, the effect produced by altering the temperature i 3 ^ 
rather to an alteration in the state of equilibrium than to the change 
in the concentration of the gas. 

Blood which has been reduced by means of hydrogen, likewise 
natural blood, when diluted with water, serum, or isotonic solutions 
of sodium chloride or sucrose, combines with a greater proportion of 
oxygen, carbon monoxide, ethylene, or nitric oxide than undiluted 
blood. The same observation was made with, the blood of horses, 
oxen, and pigs. The absorption reaches a maximum at a dilution of 
about eight to ten times, at which point each atomic proportion of 
iron is found to combine with practically two molecular proportions 
of the gas. The effect of further dilution, likewise the addition of 
alkali, is to decrease the absorption of gas, owing to the hydrolysis 

of the additive compound. 

Since the gases, oxygen, carbon monoxide, v nitric oxide, ethylene, 
and probably also acetylene, are absorbed in equimolecular proportions, 
it follows that the absorption of these gases by haemoglobin is not 
brought about through the agency of individual valencies, but through 
the mutual attraction of the molecules as a whole with the formation 
of a molecular complex, as in the case of the union of cuprous chloride 
and carbon monoxide ( loc . cit.). 

Blood which has been acted on by hydrogen for some time after 
the complete reduction of the oxyhemoglobin is found to absorb more 
oxygen than that which has Dot been thus treated ; this is shown to be 
due to the presence of carbon dioxide, which is slowly removed by the 
hydrogen. Carbon dioxide in this respect behaves like hydrogen 
chloride with carbon monoxide and cuprous chloride (loc. cit,). -«• 

The latter part of the paper is devoted to a discussion of the 
absorption of oxygen by the blood in respiration and the effect of 
carbon dioxide on the tension of the oxygen in blood It is ehm 
that the presence of uncombined haemoglobin in the blood (natural 
blood contains roughly one molecular proportion of oxygen per atomic 
' proportion of iron) tends to keep the velocity of absorption of raygeii 
under different pressures constant. ^ ‘ 


Physiology of Water and Sodium Chloride. Otto Oohnhi a, 
Kreglis&b and Kreglinger (ZeiUch. physiol. Chem.. 1 J09, & 
413 — 4$!). — An increase in the concentration of haunoglohm w » 
blood was not observed with certainty at an elevation of 3000 
metres. In severe muscular work, a noteworthy dilution of h * 
occurs. Profuse sweating leads to a decrease of chlorides in t • J 
which on the days following it, is succeeded by retention o 
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The loss of chlorides may lead to a cessation of hydrochloric acid 
secretion in the stomach* AV. D. H. 

Neutrality Equilibrium fin Blood and Protoplasm 
Rawrence J. Henderson (/. Biol. Ckem 1909, 7, 29— 36).— The 
power of proteins to preserve neutrality in solution, which is regarded 
as of great importance by Brailsford Robertson, is great, but under 
conditions obtaining in the organism, is not comparable with that of the 
inorganic constituents of blood and protoplasm. There is no proof 
that more than a small portion of the carbon dioxide liberated from 
the blood in the lungs comes from sodium hydrogen carbonate which 
has given up its sodium to proteins, according to a simple reaction 
which is reversed in the tissues. It is improbable that this is the 
chief reaction involved unless indirectly through the heterogeneous 
equilibrium between red corpuscles and plasma, including the move- 
ment of chlorine, ionised or otherwise, across the red corpuscle wall 
and the consequent liberation and fixation of carbon dioxide in the 
plasma. W. D. H. 

Influence of Stereochemical Configuration on Certain 
Physico-chemical Properties of Organic Colloids. Giuseppe 
Buglia and L. Karczag (Atti B. Accad. Lincei , 1909, [v], 18, ii, 
474 — 481). — Investigation of the influences exerted by the various 
tartaric acids on the coagulation by heat of dialysed blood-serum 
(compare this vol., ii, 52) shows that the action of these acids is due 
mainly to the hydrogen ions when the acids are present in very small 
concentrations j when, however, the concentrations are relatively high, 
the actions are determined principally by the stereochemical conflgur- 
ations. So that, only when the concentrations are high, are differences 
observable between the actions of the different acids. The actions of 
the various tartaric acids on muscular proteins (gastrocnemius muscle 
of the frog) are, in general, analogous to those exerted on the neutral 
protein of dialysed blood-serum. Both in accelerating the coagulation 
of the blood-serum and rendering it non-coagulable, and also in deter- 
mining the velocity of coagulation (contraction) of muscle by heat, the 
d-acid is more effective than the rf-acid, T. H. P. 

Reversed Activity of Tissue Extract made at High Temper- 
atures. Bertram J. Collingwood ( Pros . physiol. Soc. t 1909, xiv— xv ; 
/. Physiol 39). — At 115° a tissue extract loses its power to accelerate 
blood-coagulation. If the undissolved residue is extracted at this 
temperature, an anti-coagulant is formed. W. D. H. 

Glycolysis. I. The Susceptibility to Alkali of Dextrose. 
Leonor Michaelis and Peter Rona (Biochem. Zeitsck 1910, 23, 
364 — -369).- — The difficulties of measuring glycolysis in th^,. blood are 
mainly two ; one, the difficulty of estimating sugar in a protein-rich 
fluid cab. be overcome by the authors’ method ; the other is the sup- 
posed loss of sugar due merely to the action on ft of the alkali of the 
blood and tissues. It has been known for a long time that sodium 
hydroxide and sodium hydrogen carbonate causo dextrose to disap- 
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pear from solution ; this is confirmed— the optical activity g e t s 
and less, it being largely due to conversion into Isevulose or mannose 
But the alkalinity of blood is not that which can be estimated bv 
titration, but depends on the concentration of hydroxyl ions, and can be 
imitated by mixtures of primary and *secondary sodium or potassium 
phosphates ; such solutions cause no change in the optical activity or 
concentration of sugar in solution ; the disappearance of sugar due to 
mere alkalinity of the blood is therefore a negligible factor. 

W. 1). H. 

Physico chemical Behaviour of Uric Acid and its Salts in the 
Blood. F. Gudzent (Zeitsch. physiol. Chem 1909 , 63, 455—477).-, 
Uric acid can only exist in the blood as monosodium urate. In p ure 
water this salt exists in two isomeric forms; the first (a-salt) is more 
soluble, hut more unstable, than the other form (&-salt) ; the satneh 
true for artificial and probably also for natural serum. Under certain 
conditions, for instance, in gout, the blood can be oversaturated with 
the urate, and this may lead to its deposition in the tissues, but n 0 
specific affinity between cartilage and uric acid exists. W. D. H. 

The Behaviour of the Anti-Substances of the Blood-Serum 
Towards Solvents and Other Reagents. K. Kawashima {Biockm, 
Zeitsch., 1909, 23, 186— 192).— The anti-trypsin and anti-reunet 
action of the blood-serum was investigated. The serum was dried in 
a vacuum to a powder. The anti-properties were not appreciably 
altered by extraction with ether or ethyl alcohol. The anti-rennet 
action was, however, appreciably diminished by treatment with 
methyl alcohol, the anti-tryptic action being diminished by the same 
treatment only to a slight extent. The anti-rennet cannot be 
detected in the methyl alcohol. A small amount of the anti-trypsin 
dissolves in a mixture of equal parts of methyl alcohol and water. 
Acetone appears to render the anti substances insoluble in water. 
Hydrogen peroxide and salicylaldehyde injure both anti-substances, 
Treatment with acids, alkalis, and ferments appears to exert no action 
on them. k. B. S. 

The Proportionality of Proteolytic and Rennetic Action 
of the Gastric Juice of Man and Dog in Normal and Patho- 
logical Cases. Th. J. Migay and W. W. Sawitsch {Zeitsch. physiol. 
Chem., 1909, 63, 405 — 41*2).— The experiments recorded show that 
the two properties of gastric juice referred to vary directly the one to 
' the other both in normal and pathological conditions, and therefore 
support PawlofFs view that both are due to one and the same enzyme. 

Partial Transformation of Alimentary Fatty Matter into 
Mannitols by Peptic and Pancreatic Digestion in vitro, 
Emile Gauthelet (Compt. rend., 1909, 149, 1150 1151).— e 
author cites the results of experiments, from which he draws n 
conclusion that the artificial acid-peptic digestion of fatty materia 
such as olive oil, butter, or tallow, converts these into l- maimiw, 
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whilst, when the digestion is pancreatic, in an alkaline medium the 
mannitol produced is dextrorotatory. The amount of mannitol 
produced depends largely on the state of division of the fat, and 
in the case of peptic digestion on the acidity of the solution. 

\V. 0. W. 


Action of Heat on Dry Pancreatic Extract. Eugene Ciioay 
(/. Pharm. Chim., 1910, [vii], 1, 10 — 16). — Various observers have 
recorded that the proteolytic activity of dry pancreatic extract is but 
little affected by exposure to a temperature of 100°. The author finds 
that exposure to a temperature of 80° or 100° during one or two houis 
scarcely affects the activity of the amylase, lipase, or trypsin present in 
pancreatic ferment, but that at 120° the activities of all three enzymes 
are rapidly paralysed. Of the three, the amylase seems to be affected 
least by heat. In solution, on the contrary, all three enzymes are 
rapidly affected by heat, thus mere desiccation of pancreatic ferment 
at 40° to 50° reduces the activity of the amylase by three-quarters and 
that of the lipase by one-half. T. A. H. 

Fat Cleavage by Pancreatic Juice. I. Emile F. Terroine 
(Biochem. Zeitsch 1910, 23, 404—427. Compare Abstr., 1909, ii, 

497 ) t Addition of mono- or di-glycerides does not influence the cleavage 

of triglycerides by pancreatic lipase. The addition of oleic acid to an 
emulsion of olive oil hinders the process of saponification, but^ the 
addition of glycerol increases the rate of cleavage. This is specially 
the case for emulsions and solid fats ; the action of glycerol is slight 
or absent in the case of fats soluble in water (mono-butyrin, triacetin). 
Any viscous substance (gum, egg-albumin) has a similar favourable 
action. The optimum temperature for pancreatic lipase is 40°, but 
cleavage occurs even at 0°. Warming the lipase to 45° lessens its 
power, and to 65° destroys it. In presence of bile salts, it is more 
easily affected by rise of temperature. The enzyme acts in a neutral, 
but better in a faintly alkaline, medium (optimum iV/150) j it is lessened 
in acid or strongly alkaline media. ^ H* 


Concentration of Anti-substances in the Body-fluids of 
Normal and Immune Animals. J. R. Greer and F.C. Becht 
(Amer. J \ Physiol, 1910, 25, 292— 309).- A research on i similar lines 
to that carried out by Hughes and Carlson (Abstr., 1908, n, 304), 
determining the amount of hemolysins, agglutinins, precipitins, etc., 
in the various fluids of the body. ‘ * . 


The Purine Bases of the Bone-marrow. H. Thar (Jiwchem. 
Zeilsch . , 1909, 23, 43— 44).— The following yields of purine bases were 
obtained from 1000 grams of bone-marrow : guanine 0‘31 l 5, ademne 
0*1710, hypoxanthine 00724, xanthine 0 02875 gram. b. H 


The Sugar Destructions in Animal Organisms which 
ire Measurable by the Polarimeter. Albert J* • 

Biochem . Zeitsch., 1909, 23, 324-328. Compare Abstr., 1908. ii, 
714).— Extracts of liver and pancreas do not cause changes m the 
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rotation of lactose solution, such as the author has already 
occurs when this sugar is kept with milk. He has also followed tt 
changes in the rotation of solutions of Other sugar solutions when b e J 
with animal fluids or extracts of , organs. Dextrose Solutions we re ^ 
changed by extracts of organs., Uritfe caused a slight diminution of 
the rotation of lactose solution, and also of dextrose solution, 
reducing powers in these cases were only slightly, if at all, altered. 

S.B.S. 

Lactic Acid in the Autolysed Dog’s Liver, Tadasc Saiki 
(J. Biol Ckem ., 1909, 7, 17— 20).— The lactic acid in autolysed dog’s 
liver is largely sarco-lactic [^lactic] acid, as in other organs. A small 
amount of fermentafcion-lactife acid is also observed even in the sterile 
condition. W, D. 5 

The Action of Mercury Salts on Autolysis. Marco Trufr 
(Biochem. Zeitech , 1909, 23, 270— 274). — It has been shown that 
mercury salts promote the autolytic process, and the author has 
determined the optimal quantities for various salts. S. B. S. 

Cholesterol Esters in the Human Epidermis aod their 
Reactions. Ernst Salkowski ( Biochem . Zeilsch., 1910, 23, 
361 — 363). — The cholesterol ester of palmitic acid was separated 
from human epidermis, which was identified by^ts melting point, 
colour reactions, and elementary composition. W. D. E. 

The So-called Fat of Tissues and Organs. Hugh MacLeax 
and Owen T. Williams (Bio-Chem. 1909, 4, 455— 461). — The 
presence of “ masked fat ” in cell protoplasm is now recognised as a 
fact of physiological and pathological importance. The yield of “fat” 
differs with the extracting agent employed, according to its dis- 
integrating action on protoplasm or the fat-products. The main 
material in the so-called fat is phosphatide, which may be free or 
combined. The organ chiefly investigated in the present research was 
the liver, but some details are also given of other tissues. The 
methods of extraction are also described. W. D. H. 

The Importance of Phosphatidee for the Living Cell. II. 
Waldemar Koch ( Zeitsch . physiol Chem., 1909, 63, 432—442. 
Compare Abstr., 1903, i, 301). — In colloidal solutions of phosphatides, 
reactions are*observed similar to those which occur in physiological 
■ material. Carbon dioxide and ammonia in small concentration affect 
lecithin emulsions, leading to alteration in its hydrogen-ion and 
hydroxyl-ion concentration. Phosphatides play their part in the 
morphological and chemical differentiation of cells, especially ia 
regard to the formation of membranes W • D- H* 

The Relationship of Diastatic Efficiency to Average Glycogen 
Content in Tissues and Organs. Hugh MacLean (Bio-Chem, 
1909, 4, 467 — 479). — Great variations occur in animals, even of the 
same species, in the diastatic efficiency of their tissues. Very often an 
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organ containing mere traces of glycogen (for instance, the lung) has a 
higher amylolytie power than the liver. Wohlgemuth has recently 
published similar results. There is, in fact, ho definite correlation 
between glycogen content and diastatic efficiency in the case of adult 
tissues, \Y, x>. H. 

Chemico-physical Investigations on the Crystalline Lens. 
Filippo Bottazzi and No & Scalinci (Atti R. Accad. Lincei , 1909, [vf 
18, ii, 423—430. Compare this vol, ii, 56).— The authors have 
examined the influence exerted by sodium chloride on the imbibition 
of the crystalline lens of the dog in solutions of acids and of sodium 
hydroxide (compare Abstr., 1909, ii, 502). The imbibition in 1>2W- 
sodium chloride solution is increased slightly by acids and very 
considerably by sodium hydroxide. In the latter case, the velocity 
and magnitude of the imbibition are proportional to the concentration 
of hydroxyl-ions, whilst, with acids the amount of imbibition is 
directly proportional to the concentration of hydrogen-ions, hydro- 
chloric and acetic acids favouring imbibition rather more "than 
sulphuric acid of the same concentration. 

From these and previous results, it is evident that alkalis are tho 
most potent agents influencing the imbibition of the tissues, and that 
the extent of the physiological imbibition of every living cell and fibre 
corresponds with a certain relation between the concentration of the 
neutral salts and that of the salts which in aqueous solutions have 
alkaline reactions owing to hydrolytic dissociation. For a given con- 
centration oi hydroxyl-ions, the imbibition of the crystalline lens or 
of the tissues is greatest in absence of neutral salts. The absorption 
of the lens, muscles, etc., should be less in a solution of barium or 
calcium hydroxide than in one of sodium or potassium hydroxide 
of the same concentration. T. H. P. 

The Iodine Complex in Sponges. Henry L. Wheeler and 
Lafayette B. Mendel (/. Biol Chem 1909, 7, 1 — 10). — Drechsel’s 
iodo-gorgonic acid from Gorgonian corals was shown to be 3:5-di- 
iodotyrosine by Wheeler and Jamieson (Abstr., 1905, i, 350). In 
sponges, also, it is now shown that the iodine is present in the same 
form. The common bath sponge served as the source of the material. 
The ease with which iodine enters into combination with the aromatic 
group suggests certain considerations respecting the function of iodine 
in proteins, some of which are commented on. 

3 : 5-Di-iodotyrosme and the similar compound with bromine are 
precipitated by phosphotungstic acid, whilst tyrosine itself is not. It 
does not give the tyrosine reaction with Millon’s reagent until after 
reduction. W. D. H, 

The Theory of Urea Formation. Albert A. Epstein (Biochem. 
Zeit&ck, 1909, 23, 250— 261).— According to Schmiedeberg’s theory, 
urea is formed in the organism from ammonium carbonate j according 
to th§ theories of Salkowski and Hoppe-Seyler, urea is formed by the 
addition of ammonia to a substance in which a nitrogen atom is 
already bound to a carbon atom (for example, cyanates). If the 



ii. 144 


ABSTRACTS OF CHEMICAL PAPERS. 


Schmiedeberg conception is correct, then there is no limit {e Xce 
the toxicity) to the amount of ammonia which can be converted in a 
organism into urea. If the other theories are correct, then there is 8 
limit, as the amount of cyanate or other groups available for synthesis 
depends on the protein, degradation. *In,the latter case, if the amount 
of nitrogen in the ammonium salt ingested exceeds that derived f roni 
protein, the excess of ammonia should be excreted in this form and not 
as urea. Experiments carried out on rabbits by the author, in 
the nitrogen of the ammonium salt (lactate) administered exceeded 
that of the normal nitrogen output on a fixed diet, lead to the 
conclusion that there is no limit to the amount of ammonium salt 
which can be converted into urea. The results, therefore, support 
Schmiedeberg’ s theory. S. B. S. 

The Origin of Lactose. Ch. Porcber ( Biochem . Zeitsch, 19K) 
23, 370 — 401). — If the mammary glands are removed in cows and 
goats immediately after parturition, glycosuria of variable intensity 
sets in rapidly, and lasts about twenty-four hours. A similar result 
follows amputation of the breasts in lactating animals. This ig 
associated with hyperglycsemia ; lactose is not present. Phloridzin 
injection in suckling animals produces glycosuria as well as in lactating 
and male animals. In. the operation cases just referred to, the sugar 
is dextrose, which, in the absence of the mammary glands, is not 
converted into lactose. W. D. H. 

Influence of Lactic Acid Ferments on Intestinal Putre- 
faction in a Healthy Individual. Helen Baldwin (/. Biol Ckn t., 
1009, 7, 37 — 48). — A full account of a prolonged seiues of observa- 
tions on a man which showed that sour milk exerted no specially 
favourable influence on the subject's condition. The excretion of 
ethereal sulphates and phenol in the urine, and of indole and scatole 
in the fjeces, was usually increased when the fermented milk was 
taken. W. D, H. 

Experimental Glycosuria. V. The Distribution of Glyco- 
genolytic Ferment in the Animal Body, especially of the 
Dog. John J. R. Macleod and R. G. Pearce (Amer. J, Physiol., 
1910, 25, 255 — 291. Compare Absfcr., 1909, ii, 168). — Prolonged 
perfusion of the liver with isotonic salt solution does not lessen the 
power of the extracts of the organ to destroy glycogen ; this is against 
the view that the action is due to lymph. The full amount of 
glycogenolysis is not obtained until the tissue cells are crushed in 
Buchner’s press; the ferment responsible is therefore an endo-enzyme, 
This is termed glycogenase ; it is most abuudant in the pancreas, the 
liver and blood-serum (or plasma) come next, and then the kidneys, 
intestines, and muscles. The nutritive condition of the dogs used is 
not a factor in the activity, and the blood-serum from the pancreatic 
vein does not contain more of the enzyme than that from, the carotid 
artery. The organs of pig, rabbit, and especially the lamb, are less 
active than those of the dog. W . 3). H* 
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The Urorosem Reaction. Henry D. Dakin (/. Biol. Clam., 
1909, 7, 57 — 58). — Herter has shown that indoleacetic acid is the 
chromogen of urorosein, and that the reaction is obtained when nitrites 
are also present in the urine, Ciusa and Term (Abstr., 1908, i, 
763) state that one of the derivatives of cinnamylideneacetophenone, 
the a-oxime, when given to animals causes the appearance of 
the urorosein reaction in their urine. This was repeated in the 
present experiments with negative results. It is suggested that the 
previous animals had a trace of indoleaeetic acid in their urine, and 
that the administration of the oxime was followed by the occurrence 
of nitrites, for it is known that hydroxylamine is converted into 
nitrous acid in the organism. W. I). H. 

The Action of Saline Purgatives. Arthur F. IIertz, F. Cook, 
and E. G. Schlesinger (Guy’s Hospital Reports , 1909, 63, 297—307). 
— Two views are held in rogard to the action of saline purgatives ; 
one, the more prevalent supposes that the salt attracts water into the 
intestine and so produces fluid stools ; the other supposes that the salt 
is absorbed and the effect is due to a specific irritation by the absorbed 
salt of the intestinal neuro-muscular and secretory mechanism, leading 
to increased peristalsis and increased secretion. The present paper is 
an argument in favour of the latter theory, it is pointed out that the 
purgation often occurs within half an hour, and that Rontgeu-ray 
pictures of the intestine show that what is taken hy the mouth does 
not reach the caecum, until four hours later. This time is only very 
slightly shortened after a saline purge. Further, the watery contents 
which are increased consist of succus ontericus, not simply of water; 
of the sulphate administered, the faeces show little, if any, increase, 
whilst into the urine the excess of sulphate passes very rapidly, 
showing that it has been absorbed. W. D. H. 

The Estimation of Ferments in the Fseces. Hans TJry 
( Biockem . Zeitsch., 1909, 23, 153 — 178). — The following data were 
determined : amount of faeces, total solids, weight of solids in 
aqueous extract, and the nitrogen in the total and the extract. The 
following ferments were quantitatively estimated in the aqueous 
extract: pepsin (by Yolhardt's method), ainylolytic ferment (by 
Wohlgemuth's method), the pancreatic ferment (by Volhardt'a 
method), the lipase, the nuclease (by determination of the adenine 
yielded by thymus nucleoproteiu), the maltase, and the invertin 
(by the usual polari metric methods). The results were calculated in 
terms of 1 gram of dry substance or of 1 gram of nitrogen, except in tho 
case of the pancreatic enzyme, which was calculated in terms of 
0 01 gram of nitrogen. Pepsin was found to be always absent from 
fseces, and also lipase. Nuclease and maltase were present in the fseces 
after administration both of senna and magnesium sulphate, but 
absent in the normal fseces. After administration of the former drug, 
the ferments normally present in fseces (amylase, pancreatic ferment, 
and invertin) were in considerably increased quantities ; this was not 
the case after magnesium sulphate administration. The author gives 
full details of his experimental methods. S. B. S. 
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Chemiatry of Cancer. II; Purine Bases, Creatine an(1 
Creatinine. Tadasu Saiki Chem „ 1909, 7, 23— 

removal of fat and lipoids from, a number of cancerous tmn 0llr 
the residue was ' hydrolysed with sulphuric acid, and purine bases 
determined by the Kriiger-Schmid method. The following figures are 
giyen ; uric acid, 0'024% ; adenine as picrate, 0 032% ; hypoxanthin e as 
nitrate, f 0'0034% ; guanine and xanthine are only present in traces ■ 
this suggests the presence of guanase and oxydase, and the absence of 
adenase, as in other human tissues. Creatine and creatinine were 
determined by Palin’s method ; the creatinine present amounted to 
0'016% of the fresh tissue ) creatine was practically not present 

W.D.'h, 

The Influence of Certain Alcohols, Hydroxy- and Amino- 
acids of the Aliphatic Series on the Sugar and Nitrogen 
Excretion in Phloridzin Diabetes of the Dog. I. p A(JL 
HOckenhorf (BiocJiem, Zeitsck., 1909, 23, 281 — 303). — To starving 
dogs receiving phloridzin injections, various alcohols, amino-acids, and 
other substances were administered, and the alterations caused in the 
nitrogen and sugar excretions were noted. It was found that the 
administration of those alcohtds which contain an uneven number of 
carbon atoms causes, almost always, an increased sugar excretion. In 
the case of propyl alcohol this increase is not regular. The alcohols 
with three and five carbon atoms caused a diminution of the nitrogen 
output. The alcohols with an even number of carbon atoms did not 
cause an increased sugar excretion ; neither did n-valeriu acid. In 
this case both the sugar and nitrogen excretion were somewhat 
diminished. Fermentation-lactic acid caused a slight increase of 
sugar excretion and diminution of nitrogen excretion ; (27-alamne 
caused a slight increase in the sugar, and also an increase in the 
nitrogen. Olive oil caused an increase in the nitrogen output. 

& B. S. 

Phloridzin Diabetes, I. A. FiRi.ANDSEN ( Biochem . Zeitsch., 1910, 
23, 329 — 360). — Phloridzin glycosuria is not regarded as a primary 
hepatogenous or renal production of sugar, and so Minkowski’s 
theory is held to be untenable. It originates owing to the passage of 
phloridzin through the kidney, calling forth there an abnormal 
elimination of sugar by that organ, which is probably a true secretion. 
The sugar in the blood is removed in this way, but as tbo amount of 
• sugar in the carotid blood does not diminish, it is necessary to suppose 
that a secondary compensatory sugar production occurs in the liver, as 
Bang has proved to be the case. The maximal amount of sugar in the 
urine occurs simultaneously with the maximum of phloridzin excretion, 
and it ceases at the same time as, or shortly after, the excretion of 
phloridzin ceases. W. D. H. 

Gout. F. Guuzent ( Biochem . Zeitsch 1909, 23, 275-277).-- 
Polemical. The author contends that the conclusions of ?eckhold 
and Ziegler (Abstr., 1909, ii, 916) are unjustified, as it is theo- 
retically impossible for uric acid to exist as such in serum. It 
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must exist in the form of a sodium salt which will form super- 
saturated solutions, the degree of supersaturation of which will depend 
on rate of formation and other circumstances. He holds, also, that the 
conclusions of these authors a*e unjustified, because the analyses 
are incomplete, no account having been taken of the carbon dioxide 
tension of the solutions, and that it is impossible to entirely free the 
deposits analysed from serum and other substances. The author also 
states that other physico-chemical laws have not been taken into 
account in the investigations criticised. S. B. S. 

The Influence of Alcohol on the Quantity of Phosphatides 
in Animal Organa. Hadine Sieber (Biochem. Zeitsck, 1909, 23, 
304 — 323). The phosphatides were estimated in the organs of animals 
which had received alcohol, an8 in those of control animals which had 
received no alcohol, and had been kept under otherwise similar 
conditions. The organs of the former showed a smaller lecithin 
content than those of the latter, the diminution varying from 0'57% 
in^ the stomach wall to 11% in the brain, these numbers being the 
mean of several experiments. g. s, 

The Chemical Constitution and Physiological Action of 
Alcohols and Acids. II. Jacques Loeb (Biochem. ZeiiscL, 1909, 23, 
93 — 96. Compare Abstr., 1909, ii, 168). — The minimum quantities 
of alcohols necessary to convert negatively heliotropic copepoda into 
positively heliotropic organisms were determined. The higher the atomic 
weight of the alcohol, the greater was the activity. The same result 
was also obtained with daphnia. The narcotic effect was similar to 
the heliotropic effect. The heliotropic action of the acids is much 
stronger than that of alcohols. Hydrochloric, nitric, and sulphuric 
acids have about the same action as formic acid. The increased action 
of the fatty acids with higher molecular weights is not so marked as 
in the case of the alcohols. S. B. S. 

The Pate of Histidine in the Body of the Dog. Katharina 
Kowalewsky (Biochem. Zeitsch.^ 1909, 23, 1 — 4), — The ingestion of 
histidine hydrochloride caused an increase in the acidity in the urine 
(even when sodium carbonate was administered), and a large increase 
in the total nitrogen and ammonia output in the urine, the ratio of 
ammonia to total nitrogen being also increased. The results indicated 
degradation of the body proteins. Methyliminazole acted toxically 
when administered to a dog, S. B. S. 


Chemistry of Vegetable Physiology and Agriculture. 


Action of Sodium Benzoate on the Multiplication and 
Production of Gas by Various Bacteria. Christian A. Herter 
(J. Biol. Chem., 1909, 7, 59— 67).— Food preparations containing 0*1% 
of sodium benzoate nearly always contain small numbers of bacteria, 
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chiefly of the spore-bearing kind. In dextrose bouillon, the g a 
percentage only slightly inhibits Bacillus colt and other intesti i 
bacteria. Gas production may, however, be considerably hindered 
When mixed fsecal bacteria are introduced into dextrose bouil] ' 
containing 0*1 to 0 * 2 % of sodium benzoate, the bacteria are rnieqyi 0 
inhibited. In general, the organisms of the Bacillus coli type are 
inhibited than cocci. \V. £), g 

Decomposition of Nitrates by Bacteria. S. A. Sewer™ (Q, nt 
Baht. Par.> 1909, ii, 25, 479 — 492. Compare Abstr., 1909, ii, 479 ^ 
Denitrification experiments with Bacillus . "pyocyansus and J ^ r ; 0 
denitrijicans showed that both microbes can frequently utilise dim* 
straw, and urine as a means of increasing denitrification in a marl' 
whilst in a black soil these substances were not utilised, althouafi 
the microbes grow readily in the soil without manure. In one experi- 
ment the addition of a very large amount of dung (8%) resulted in a 
reduction of the amount of nitrate by 17% when the soil was inoculated 
with Bacillus pyocyaneus, but no effect was produced with Fi 6 rio 
denitrijicans. N. H. J. Ji, 

Alcoholic Fermentation in the Presence of Sulphurous 
Acid. M. Emmanuel Pozzi-Escot (Bull. Assoc. Chim. suer. I)k,, 
1909, 27, 561 — 562). — The author does not agree with the statement 
made by Martinand (Abstr., 1909, ii, 823) that yeasts do not ferment 
sugar solutions in the presence of sulphurous acid. Pure yeasts which 
the author employed in his experiments became acclimatised to the 
presence of this acid. It is also pointed out that the beer yeast used 
by Martinand does not uuder ordinary conditions readily ferment 
sucrose in acid solution. W. P, S. 

The Influence of Fermented Sugar Solutions on the 
Respiration of Wheat Seedlings. S. Kostytsciieff (Bioclm. 
Zeitsch ., 1909, 23, 137 — 142). — Dextrose solutions were fermented by 
zymin until they no longer exerted a reducing action on Fehlings 
solution ; the alcohol was then distilled off. Seedlings soaked in such 
solutions showed an increased output of carbon dioxide, equivalent to 
1 42% in twelve hours, as compared with seedlings which had boon soaked 
in water. No increased alcohol production could, however, be detected, 
and the author assumes that the action is due to increased normal 
respiration, and not to alcoholic fermentation ; the amount of oxygen 
used up, furthermore, does not increase in the same ratio as the carbon 
dioxide production. S. B. S. 

The Influence of Mineral Salts on the Respiration of Germin- 
ating Seeds. W. Zaleski and A. K einhard ( Bioc/iem . Zeitsck, 1909, 
23, 193 — 214). — The authors give the results of some] preliminary 
investigations of the action of various salts on the seeds of Lupine 
angustifolius, Zea mats , and Pisum sativum. The solutions investigated 
include Knop’s solution and magnesium sulphate, potassium dihydrQgeo 
phosphate, potassium nitrate, mignesium sulphate, and other salt Solu- 
tions, and also of solutions containing mixtures of salts. In each c isenhe 
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mtput of carbon dioxide was measured and compared with the output of 
;he same seeds grown in pure ^ater. The results are expressed as the 
aumber of mg. of carbon dioxide expired per hour by one hundred seeds. 
J’he action of the salts was not the same on all the varieties of seed 
nested, and depends, perhaps, on the mineral content of them. 
Attention is called to the possible antagonistic action of various ions 
such as has already been observed in other biological processes. 

S. B. S. 


The Part Played by Oxygen in the Formation of Protein 
in Plants. W. Zaleski ( Biochem . Zeitsch., 1909, 23, 150—152).— 
The author has already shown that there is a considerably greater 
formation, of proteins in the bulbs of AUium cepa which have been 
punctured as compared with intact bulbs (Abstr., 1901, ii, 619 ■ 1902, 
ii, 348). He now extends this observation to pea seeds. A control 
was dried at GO — 70°, and two other similar portions were kept, one 
in dry air, and the other in a dry oxygen-free atmosphere. The two 
latter portions contained more protein than the former, the portion 
which was kept in presence of oxygen containing the largest quantity 
of tbe'three. There was no change in the amount of total nitrogen. 
The analyses were carried out by Stutzer’s method. The author 
Lttributes the increased protein formation in oxygen to the increased 
energy supply to the seeds, and he assumes, therefore, that the action 
is only indirect. S. B. S. 


Selective Absorption of Ions by Roots. Exrico Pantanelli 
ind M. Sella ( Atti JR. Accad. Lincei , 1909, [vj, 18, ii, 481 — 488). — 
By means of plantlets of dwarf Cucurbita pepo, the authors have 
investigated the selective action of the absorptive epithelium of the 
}x)o ts on the anions and cations of various salts. The results confirm 
the capacity of this membrane of functioning as a septum unequally 
bermeable for different ions, the amounts of the latter absorbed for 
^arious salts being given, in mg.-ions, in the following table : 


nation 

Anion 


KC1. CaCU KaSO* CoSO* KIT 2 ?0 4 . CaHPCq. 

23*38 0 11 6 0 1*15 V10 

30*68 51-39 1S’07 H»S 4901 78-93 


In the case of the four soluble salts, potassium chloride, calcium 
ihlorido, potassium sulphite, and potassium dihydrogeu phosphate, the 
imounts of carbon dioxide emitted by the young roots were determined, 
mt on comparing these amounts with those of the cations remaining 
n excess, no general rule is observable. With calcium sulphate and 
he phosphate CaHP0 4 , however, it appears that, the more rapid the 
ibsorption of the anion compared with that of the cation, the more 
iarboii dioxide is emitted by the roots. This phenomenon is based on, 
it least, the two following causes : (1) increase of tho respiring surface 
bid mass by the accelerated development of the roots produced by the 
Bimentary and catalytic influences of the rapidly absorbed anions ; 
P) the direct influences of these anions on the respiratory activity 

[ vol. xoviu. ii. 11 
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Nitrogenous and Mineral Composition of Ornament 
Plants. Alexandre Hebert and Georges Truffaut (]; u h j? 
chini., 1910, [iv], 7, 31— 37). — With a view to the preparation „f 
appropriate compound and completer manures for garden plants, the 
authors have determined the amounts of nitrogen and mineral com 
stituents present, per kilogram of fresh plant, in a large number of 
species grown for horticultural purposes. These are tabulated in th& 
original. A, fl, 

Chlorophyll. VII. Comparative Investigation of theChloro- 
phyll of Different Plants. Richard WillstAtter, Fer DIK asi) 
Hociieder, and Ernst Hug (Annalen, 1910, 371, 1—32. Compare 
Willstatter and Benz, Abstr., 1908, i, 199). The existence of two 
distinct chlorophylls has been definitely established by Willstatter 
and Benz (loc. cit.). Crystalline chlorophyll is now shown to contain 
two methoxyl groups, whilst amorphous chlorophyll, from determine 
tions with phaeophytin, contains one phytol residue and one methoxyl 
group for each atom of magnesium; phaeophorbin, derived from 
crystalline chlorophyll, is likewise a dimethyl ester. 

The primary object of this investigation was to ascertain the extent 
of the distribution of these chlorophylls in the vegetable world, the 
method employed being as follows : the chlorophyll is extracted from 
the dry material by means of alcohol, and converted as completely as 
possible by oxalic acid into the magnesium-free decomposition product; 
the latter is then hydrolysed quantitatively, the weight of phytol 
obtained being a measure of the phaeophytin and, consequently, of the 
amorphous chlorophyll present in the plant. 

Determinations made with grass, plantain, and stinging nettle, 
collected from various localities and at different times of the year, in- 
dicate that the nature of the chlorophyll is not influenced by these 
factors, a result not in accord, apparently, with the conclusion drawn 
by Borodin from his investigations (Dot. Zeit,, 1882, 40, 608), 

The results of the analyses of the chlorophyll of seventy plants 
taken from thirty-six families arc recorded. These show that phytol 
is distributed widely in nature; with the exception of one family 
( Verbenacae ), of which only one variety was examined, representative 
of all the families investigated have been obtained in which phytolester- 
chlorophyll preponderates. In six cases the proportion of phytol 
was small, namely, in Stacbjs silvatica, GaUojms versicolor, Gideons 
tetrahit , Datura ' stramonium, Verbena officinalis , and Scropkulm 
nodosa ; crystalline chlorophyll was isolated from the first four, also 
from Lamium maculatum, which with Atropa belladonna and 
occupies an intermediate position. The distribution of cm a me 
chlorophyll indicated by these results does not appear to he as grea 
as was deduced by Borodin (loc. cit.) and Monteverde (Ada nor 
Petropolitaai , 1893, 13, 123). 

The basic decomposition product obtained from the various pr p ^ 
arions of phaeophytin from seventy plants is in the majority o c ' 
principally a mixture of phytochlorin-<3 and phytorhodin-y , t ^ 
compound tho principal decomposition product of phaeophytin 
Pir.us silvestris and Bclonka officinalis , whilst it is not piv-ein m 
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decomposition product of phaeophytin from Urlica dioica and Salic 
Analyses of the basic compounds just mentioned point to a larger 
proportion of carbon to nitrogen than that represented by the formulae 
given by Willstatter and Hocheder (Abstr., 1907, i, 780). 

The proportion of chlorophyll in the leaves of various plants has 
been estimated colorimetrically by comparison of the alcoholic extract 
with a standard solution of crystalline chlorophyll ; it is found to 
vary from 0*5% to. slightly over 1% of the dry material, a value 
smaller than that given by Tschirch. \y 

Adenium Hongkel, the Ordeal Poison of the French Soudan. 
Em. Perkot and M. Leprince (Compt. rend., 1909, 149, 1393—1395). 
— An aqueous-alcoholic extract of the flowers of Adenium Hongkel , 
from Upper Senegal, showed intense toxic properties. By extraction 
with chloroform, a neutral, yellow, amorphous substance was obtained, 
agreeing approximately with the formula O^II^Og. The substance 
has m. p. 84 — 85°, and is characterised by the reddish- violet coloration 
developed with sulphuric acid, and by its marked sternutative action. 
Physiological experiments suggest that it belongs to the group of 
cardiac poisons resembling stropanthine. \V. 0. W. 

Presence of a Glucoside, which is Decomposed by Emulsin, 
in the Leaves and Twigs of Eremostachys laciniata. Joseph 
Khouri (/. Pharrn. Chim 1910, [vii], 1, 17 — 19). — The leaves and 
young shoots were extracted with alcohol, the solvent distilled off, and 
the residue dissolved in an aqueous solution of thymol. Of this 
solution, half was treated with invertase, when its optical rotation rose 
from - 14' to 36\ It was then boiled to destroy the invertase, and, 
on cooling, emulsin was added. Under the influence of this ferment, 
the rotation changed to + 6', indicating the presence of a glucoside. 
This deduction was confirmed by the similar action of emulsin on an 
aqueous solution of that portion of the alcoholic extract soluble in a 
mixture of alcohol and ethyl acetate. Determinations of the amount 
of reducing sugar formed indicated that the glucoside present has not 
been described previously. T- A, II. 

A New Cupric Salt and its Application as a Fungicide for 
Diseases of the Vine and other Plants. Philippe Malyezin 
(Bull Soc. chim., [iv], 5, 1096— 1098).— See this vol, i, 91. 

| Oxidation Taking Place in Wines. Philippe Malyezin (Ann. 
\ Chim. anal , 1910, 15, 15— 19).— In order to ascertain the action of 

I f arious oxidising substances on wine, the author has made a number 
f experiments in which wine was treated with copper oxide, nitric 
cid, etc. Whilst simple mration for a period of five minutes was 
without effect on the different constituents of the wine employed in 
he experiments, the addition of 125 grams of cupric oxide to 1 litre of 
rine caused, after a lapse of five and a balf hours, a decrease in the 
[uantity of non-volatile acids and of glycerol present, whilst the amount 
f volatile acids showed a slight increase. In the case of another wine, 
ihich was treated with 0'2% of 40% nitric acid, and the action allow ed 
VOL. XCVI1I. ii. 12 
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to continue for four days, the quantity of esters originally present was 
trebled ; the glycerol, however, was diminished to the extent of about 
30%. This action of the nitric acid was still more marked after twelve 
days’ contact. The author agrees wjth the opinion of other observers 
that the presence of small quantities of iron and manganese has an 
effect on the formation of aldehydes and esters ; he is also of- opinj 03 
that it is not necessary that these metals should be derived from the 
soil by the grapes and pass into the wine as organic salts, I tis 
possible that accidental contact with a metal will result in suffi c i 6nt 
of the latter being dissolved to play an important part in the oxidv 
tion processes taking place subsequently in the wine. As cupric salt* 
have such strong oxidising properties, it is advisable not to use copper 
vessels for containing wine, as even traces of the metal when dissolved 
may lead to alterations in the character of the wine. W. P. s. 

Disappearance of Sulphur Dioxide. Hubert (A nn. Chin . anal, 
1909, 14, 453 — 454), — The author attributes the rapid disappearance 
of sulphur dioxide from wines, not to oxidation, but to the formation 
of a stable combination with substances of an aldehydio nature. This 
may be shown experimentally by adding to sulpbited wines a little 
urotropine (hexamethylenetetramine) ; the amount of total sulphur 
dioxide is at once reduced. h K, 

Difference of Races and Individual Beets with Regard to 
their Composition. Karl Axdklik, V. 13 autos, and J. Umax 
(Zeitsch. Zuckerind. Bohn . , 1910, 34, 221-237). Different races of 
sugar-beet grown under the same conditions, show differences ii> 
composition, especially in the pure ash. The ash of roots with high 
percentage of sugar contains more calcium, magnesium, and phosphoric 
acid, and less sodium, than roots with low percentage of sugar ; and 
they contain less alkalis to 100 parts of sugar. 

Individual roots of different races, grown under the same conditions, 
mav show essential variations in composition. 

The amount of mineral constituents taken up per 100 parts of 
su^ar vaiies both in individual roots of different races and of the 
same race. Hoots with high percentages of sugar now take up ess 
inorganic bases than was found to be the case by Walkhoff m 184. 


Analytical Chemistry. 


Manipulation of Small Precipitates. Qualitative 8 
Quantitative Micro-chemical Analysis. Friedrich Fmr 
Julius Donau (MonaUh, 1909, 30, 745— 757).— Micro-falter^ p»P^ 
are cut about G-8 mm. in diameter, and placed on the ‘ ihicL* 
of a capillary tube, which is cut square arid polished. I he 
v.b a funnel, and is placed in a suitable apparatus so that suction 



ANALYTICAL CHEMISTRY, 


iL 153 


applied. The Application of a little vaselin to the rim of the filter, and 
its depression in the centre over the capillary by means of a glass rod, 
enables large drops to be filtered without danger of any loss owing to 
the liquid flowing off the paper. The precipitate is collected on °the 
filter, washed, and placed in a sheet of platinum foil, which cm be 
wrapped round it, and so prevent loss during drying, ignition, and 
weighing, A Nernst micro-balance was used for the weighings. A 
number of simple qualitative and quantitative estimations have been 
performed accurately and quickly in the manner described. E. F. A. 

Apparatus for Filtering at a Constant Temperature. Alfred 
Eisenstein and Friedrich Zlffer (Chem, Zzit., 1909, 33, 1330).— 
The apparatus consists essentially of a filtering tube surrounded by a 
constant-temperature jacket, the constant temperature being main- 
tained .either by a freezing mixture or by circulation of a liquid of 
known temperature. The filtering tube is made of three lengths of 
glass tubing of different widths, the two upper sectious being con- 
tained in the constant-temperature jacket. Apiece of platinum or 
copper .wire gauze is placed at the lower joint, and on this can be 
placed the filter paper. The upper joint is ground to fit the elonga- 
tion of the bulb of a thermometer, so that the top tube can be cut off 
from the middle one. If a substance is to be extracted at a constant 
temperature; it is placed in the middle section of the filtering tube, 
above the wire gauze; the upper joint it then closed by the thermo- 
meter, and the solvent poured into the top tube. When everything 
has attained a constant temperature, the thermometer is raised and 
the solvent allowed to percolate through the contents of the middle 
section.' 

The estimation of paraffin in paraffin shale, by Holde's method, is 
described to illustrate the working of the apparatus. T. S. P. 

The Influence of Neutral Salts on Indicators. Leoxor 
Miciiaelis and Peter Pox a ( Biochem . Zeitscli., 1909, 23, 61 — 67). — 
The influence of various neutral salts on the shade of the indicator 
colour was investigated, the hydrogen -ion concentrations being chosen 
for each particular indicator in which the latter is most sensitive, 
according to the determinations of Friedenthal. In some cases the 
addition of salt alters the nuance, so as to indicate increased acidity, 
in others, increased alkalinity, in the case of Congo-red, the authors 
think the change is due to the action of the salt in precipitating the 
dye j in other cases, they assume the change to be due to a different 
dissociation constant of the indicator in the new medium. The correc- 
tion due to the presence of salts is negligible when the concentration 
reaches 1/8 normal (a concentration met with physiologically), 
except in the case of methyl- violet, Congo-red, and neutral-red. 
When necessary, a correction can be made in the Friedenthal method 
by adding salt to the control solution. The disturbing influence of 
proteins is much greater than that due to salts. . S. B. S. 

A New Sensitive Indicator. Dimethyl-Brown. M. Emmanuel 
Pozzi-Escot {Bull. Assoc. Chim. Suer. Dist., 1909,27, 560 *6 ). 
The indicator is prepared by treating anthranilic acid in hydrochloric 
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acid solution with an excess of nitrous acid at the ordinary temper, 
ature ; the diazo-substanee obtained is combined with p-dimethylanih n0) 
and the product is boiled with a large excess of hydrochloric acid and 
^dimethylaniline hydrochloride. Th<? solution is faltered while hot, 
and the filtrate is saturated with sodium chloride, ihe precipitate 
formed adheres to the sides of the vessel containing the mixture, and 
is washed rapidly with cold water. On dissolving the precipitate i, 
alcohol, a solution is obtained which shows a brown coloration in 
neutral or acid aqueous solutions; alkalis change the colour to yellow 

W. P. S. 


Systematic Detection of the More Important Acids. 
ThAddeus Milobendski («/. Russ. phys. Chsvi.Soc,, 1909, 4 ^ 

2 301 1306). — The method devised by Abegg and Herz (Abstr,, 1 9()0 t 

ii 43G) for the separation and identification of acids, besides omitting 
several important radicles, possesses several disadvantages. Thus, 
the barium (group III) and calcium salts (group II) are very similar 
in their solubilities, and if excess of the reagent is used, the calcium 
precipitate always contains radicles belonging to group III ; further, 
the detection of thiocyanates in the form (B , eCNb ) 3 masks the presence 


of iodides. , ., ,, 

The author has modified the system so as to avoid these dis* 
advantages. After giving a number of preliminary tests he proceeds 
to the systematic scheme, the various groups being as follows : 

( 1 ) Strontium group, including phosphite, phosphate arseiute, 
arsenate, sulphite, carbonate, tartrate, oxalate, fluoride, sulphate, and 
part of the borate. (2) Lead group, used if an iodide is present and 
containing iodide and sulphide ; thiocyanate detected m the filtrate 
(3) Zinc group, precipitated from the filtrate from group (1 .an con- 
to ning cyanide, ferro- and feni-cyauide, and sulphide (4) Salver 
group comprising thiosulphate, iodide, bromide chloride, and tine 
cvanate • chlorate and acetate detected in the filtrate. Details are 
given for the examination of the various group precipitates. 


The Detection of Hydrofluoric Acid in Presence of 
Fluorides. Walter Ckonheim {Bioehem. Zeitsck., U09, 23, 
143— 146).— As hydrofluoric acid is used as an antiseptic in food- 
stuffs from which it is afterwards precipitated in the form of m 
insoluble salt, it is of importance to know whether traces of the w 
remain in products which have been treated in this manner. . 
hydrofluoric acid is insoluble in alcohol and ether whereas the ate 
are solftle the two solvents are added to the sample under mvesbga 
tion!° The fluorides are slowly precipitated from 

liquid; the free acid remaining in solution is ^.pttotod by ^ 
or barium hydroxide. In these two precipitates, luorinecM 
detected by Hefelmann's (glass-etching) method, which cab H* 
1 part in 800,000. 

Action of iodine on Sodium DiOuonate or WjhiwJ* 
Solution. Joseph A. Mbllek (Butt. Soc. ^ 

ma— 1 121). — The object of this work was to ascertain w 
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sodium thiosulphate could be estimated in presence of sodium 
dithionate or trithionate by titration with standard iodine solution. 
It was found that both the dithionate and the trithionate decolorise 
iodine solution when their solutions are warmed, but that in cold 
solutions, either neutral or acidified with acetic acid, the action is so 
slow that Bodium thiosulphate can be safely titrated with iodine 
in their presence. T. A. H. 

Volumetric Estimation of Selenious Acid in Alkaline 
Solution by Permanganate. Luigi Marino (Zeitsck anorg . Ghem., 
1909, 65, 32 — 37). — None of the usual methods of titrating selenious 
acid are trustworthy under all conditions. Titration with permanganate 
in acid solution gives an uncertain end-point, but good results are 
obtained in alkaline solution according to the equation : 2KMn0 4 + 
SSeO^KgO + SMnOg + SSeOjj. The A/5-permanganate solution is 
prepared by dissolving 6 grams of potassium permanganate in 800 c.c. 
water, and adding 40 grams of potassium carbonate and 0‘4 gram of 
potassium hydroxide; W/5- oxalic acid is used to standardise the 
solution. The selenious acid solution is made just alkaline with 
sodium hydroxide, titrated with permanganate, heating, and stirring 
well until the supernatant liquid is violet. It is then acidified with 
sulphuric^acid and titrated with oxalic acid until all the manganese 
dioxide has dissolved. After cooling to 80—90°, the excess is titrated 
with permanganate. 

Low results are obtained in the presence of chlorides, owing to the 
volatility of selenium chloride. Nitrates should be removed by 
evaporating with zinc sulphate and dilute sulphuric acid. The method 
is applicable to insolublo selenites. C. H. D. 


Estimation of Total Nitrogen in Urine. Hucuet (Ann. Chim, 
anal., 1909, 14, 453). — Five e.e. of pure sulphuric acid are introduced 
into a 500 c.c. flask, which is then placed in an inclined position on a 
wire gauze and heated until sulphuric fumes appear. A mixture of 
d0 c.c. of urine and 25 c.c. of sodium persulphate solution (20 grams 
in 100 c.c.) is now added drop by drop, and the whole is then heated 
again until quite colourless. When cold, 10 c.c. of water and 2 drops 
)f phenolphthalein are added, and the liquid is neutralised carefully 
frith pure aqueous sodium hydroxide; Ll'26, After diluting to 
100 c.c., an aliquot part is taken for the gasometric estimation of the 
aitrogen by the hypobromite method. DE &• 

Source of Error in Estimating Ammonia. Etienne Barral 
Bull. Soc. chim., 1910, [iv], 7, 8 — 9). — It was found that in using 
Jchloesing’s method for the estimation of nitrogen as ammonia, new 
dock-tin worm condensers absorbed considerable quantities oE 
-nunonia, and accurate results were only obtained after the condensers 
ad been used some time. Granulated tin absorbed only traces 
f ammonia, so that probably the loss was due to the presence of 
rease or tin oxides in the new condensers. T. A. H. 

I Estimation of Nitrogen in Nitrates by Reduction with the 
lyetem Aluminium-Mercury. M. Emmanuel Pozzi-Escot (Compt. 
tad,, 1909, 149, 1380— 1381)-— Not more than 0 5 gram of the 
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nitrate is treated in a Schloesing flask with 4 to 5 grams of alumioi^ 
turnings and a few drops of mercuric chloride solution ; a little water 
is then added, and, after son^e minutes, when the action has ceased, a 
little alkali. After distilling off * the ammonia, some sodium 
hypophosphite is added to decompose mercurammomum compounds. 

The process has given excellent results with soils and manures. 

W. 0. w. 

Detection of Arsenic Acid in Presence of Arsenioua Acid 
by means of Magnesia Mixture. Oscar Lutz and R, Svtssj 
(/. Russ. Phys. Chem. Soc.> 1909, 41, 1488 1 491).' ^Magnesia 
mixture being recommended by many authors as a means of detecting 
arsenic acid and its salts in presence of arsenious acid (only the ion of 
the arsenic acid being precipitated in the form of the salt, 

MgN H 4 As0 4 ,6H 8 0), 

the authors have tested the reaction in presence of various proportions 
of ammonia and ammonium salts. The results show that, in presence 
of a sufficiently large amount of arsenious acid, the separation of 
arsenic acid by means of ordinary magnesia mixture is impossible. 
Further, aqueous or ammoniaoal solutions of arsenious acid are less 
sensitive to the action of magnesia mixture than solutions of sodium 
and potassium arsenite. Qualitative separation may be attained under 
certain conditions of dilution, that is, for concentrations of the 
arsenious ion less than J//200 if ordinary magnesia mixture is 
employed or less than J//50 if a large proportion of ammonium salts 
is present* hut at such dilution, the lower limit of sensitiveness for 
arsenic acid may be passed. But, as the proportions of the two 
anions are usually unknown, and as the operation of dilution is too 
complicated for qualitative purposes, this method of separating the 
arsenic from the arsenious iou is not practicable. 1. H. r. 

Detection of Boric Acid in Batter and Milk. E.Gaot 
(4„h. Chim. amd., 1910, 15, U-15).-A portion of tlie butter is 
melted with a small quantity of hot water, the aqueous layer « 
separated, filtered, and the filtrate is treated with a few drops .1 
barium hydroxide solution. After the addition of a little alcohol, tie 
mixture is subjected to centrifugal action, the clear solution a 
decanted, and the precipitate is treated with about l “ 

concentrated oxalic acid solution. The barium oxalate, which di»oln. 
in the excess of ox. He acid, is roprecipitated by the addition of akoW 
• and separated. The clear alcoholic solution is then evaporated alter 
<he addition of a few drops of an alcoholic solution of tar ‘ nel “" ‘ * 
the evaporation proceeds, the edges of the liquid show a red tohwtton 
should boric acid be present, and eventually a ™ “ ,j 

obtained. The coloration is given by as little as 0 0001 „ 
boric acid. In the case of milk, the test is applied to the ash. ^ & 

Ultimate Analysis of Coala Containing [Hydrated] CtaJ* 
A. Lissskk (Chem. Zeit., 1910, 34, 37 — 38).— If coals cor > ■ >i, , ^ 
are submitted to the usual ultimate) analysis, a large propoit 
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water collected is due to combined water contained in the clay, which a 
previous drying at 120° has failed to remove. The author, therefore, 
recommends the removal of the hydrated clay before proceeding to 
combustion . 

The weighed portion of the sample is heated on the water-bath with 
a mixture of 2 vola. of fuming hydroQuoric acid and 1 vol. of hydro- 
chloric acid ; D 1*18. A twice or thrice repeated evaporation suffices 
to decompose the silicate. The residue is then treated with hot 
water, and collected on a dried and weighed filter. After drying at 
100°, the filter and contents are submitted to (he usual organic com- 
bustion. Allowance is made for the carbon and hydrogen yielded by 
the filter-paper, which may be taken as consisting of pure cellulose. 

When dealing with samples chiefly consisting of clay, the process is 
as follows : The carbon is estimated in about 1 gram of the sample as 
usual. A similar quantity of the sample, which need not be weighed 
accurately, is then treated with acid as described, and collected on a 
filter. After drying for two hours at 100°, the carbonaceous matter is 
detached from the filter, and also submitted to analysis. In this way 
the proportion of hydrogen to the carbon is found, and the amount of 
carbon in the sample being accurately known, the hydrogen is found 
by a simple calculation. L. db K. 

Estimation of Carbon Monoxide in Air. E. Goutal (Arm. 
Chinn. anal., 1910, 15, 1 — 7). — A portable apparatus is described for 
the estimation of carbon dioxide, the process employed depending on 
the oxidation of the monoxide to dioxide by moans of iodic anhydride 
according to the equation : 5CO + I.,0 5 = I 2 + 5CG 2 . The iodic 
anhydride is contained in a tube, and is heated for some hours in a 
current of oxygen at a temperature of 200° before being used. 
During the estimation, the tube and its contents are heated to a 
tempeiature of 70° by means of a water-jacket, and the air under 
examination is drawn through the lube after having passed succes- 
sively through wash-bottles containing acidified copper sulphate solu- 
tion, potassium hydroxide solution, and concentrated sulphuric acid 
respectively. A filter, consisting of a tube filled with cotton-wool, 
may be placed before the wash-bottles. The volume of air drawn 
through the tube is ascertained by measuring the volume of water 
leaving the aspirator, and the rate of flow is regulated at about 1 litre 
per hour. The iodine liberated by the action of the carbon monoxide 
on the iodic anhydride is collected in a vessel containing either chloro- 
form and water or potassium iodide solution ; this vessel is placed 
between the exit end of the tube and the aspirator, The iodine 
collected is estimated by comparison with standard iodine solutions or 
by titration with standard thiosulphate solution. The process may 
(also be employed for tho estimation of the occluded carbon monoxide 
[in steel ; for this purpose, the steel is dissolved in potassium cupric 
[chloride solution, and the gases evolved are passed, together with a 
current of pure air. through the tube containing the iodic anhydride. 

r ' b w. p. a 

[Estimation of] Carbon Monoxide in Steels, K. Goutal 
[Com.pt. rend., 1909, 149, 1129— 1131). — 1 Compare this vol., ii, 129, 
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Titration by means of Borax in Presence of Gly C6rol 
N. Tananaeff and D. Tsukerman (/. Russ. Phys. Ghem. Soc 1909 V 
1469 — 1481). — - Borax in presence of glycerol may be employ^ ^ 
titrate, not only pure alkajP* hydroxide, but also, on boiling, 
hydroxide containing carbonate (compare Rupp, Abstr., 1907, ii ( ign 
The titration may be effected by adding alkali hydroxide to a solution 
containing borax and glycerol, and also by adding a solution of borax 
to one containing alkali hydroxide and glyeerol. Titration with borax 
in presence of glycerol affords an excellent method of estimating 
alkali hydroxide in presence of carbonate. T, H. p, fc 

Estimation of Zinc in the Presence of Iron. James M, Taylor 
(/. Soc. Chem. Ind., 1909, 28, 1294— 1295). — The process is based on 
the fact that a dilute neutral solution of zinc is precipitated by 
hydrogen sulphide with liberation of the acid, whilst ferrous salts a/ e 
not affected. 

Five to ten c.c. of the solution containing 0T— 0‘3 gram of zinc are 
put into a flask, 20 c.c. of saturated solution of ammonium chloride 
are added, and any free acid is carefully neutralised with iV r /2- sodium 
hydrogen carbonate, with a drop of methyl-orange as indicate; 
100 c.c. of saturated solution of hydrogen sulphide are now added, and 
the solution is titrated with xV/2-sodium hydrogen carbonate, which 
should be added at first at the rate of 2 or 3 drops per second, and 
afterwards, when the precipitate turns greyish, more slowly. The end- 
point is reached when the colour changes to a decided chocolate 
(formation of iron sulphide). One c.c. of A T /2*sodiuni hydrogen 
carbonate “0016 gram of zinc. In this process it is necessary that 
the iron should be in the ferrous state, and no other metals precipitable 
by hydrogen sulphide should be present. L. de K. 

New Volumetric Method for the Estimation of Copper, 
Jean A. Sanchez (Bull. Soc. chim 1910, [iv],7, 9— 17). — The process 
depends on the precipitation of the copper as cupric ferrocyanide, and 
the solution of this, in a solution of potassium cyanide, previously 
standardised against a copper solution of known strength. The change 
in colour from the reddish-brown of copper ferrocyanide to the faint 
greenish-yellow of potassium euprocyanide is used as indicating the 
end-point. 

The precautions to be observed are as follows : the solution titrated 
should contain the equivalent of not more than 0*1 gram of metallic 
copper, and must be exactly neutralised ; it must be free from iron, 
lead, zinc, nickel, cobalt, or manganese, and should contain no ammonia 
or ammonium salts. The results are not influenced by the presence of 
tin, antimony, or arsenic, or by most organic acids, provided the latter 
are exactly neutralised. Exact details for using the method are given 
in the original, which also contains two tables of results obtained by 
its use. T.A.H. 

Volumetric Estimation of Lead with Alkaline Pw* 
manganate. Julius F. Sacukr (Chem. Zeil 1900, 33, 1321—1322). 
— A criticism of Bollenbach's method (Abstr., 1908, ii, 6h) ^ • 
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volumetric estimation of lead by means of alkaline permanganate. In 
Bollenbach's earlier experiments he found that one molecule of 
permanganate oxidised 3 atoms of lead, but later experiments (Abstr , 
1909, ii, 1054) gave the number 3*34. ‘The author shows that the 
latter figure is probably due to the sodium hydroxide used containing 
carbonate, He also finds that with increasing concentration of sodium 
hydroxide, the amount of lead nitrate necessary for the reduction of a 
given quantity of permanganate decreases, the temperature of 
experiment being 75 — 80°. Only when a series of estimations is 
carried out under exactly the same conditions do the results agree, and 
even then, the average error is 0*4% Pb, and is probably caused by 
varying temperature in different experiments ; the lower the tempera- 
ture the more load nitrate is necessary for complete reduction of the 
permanganate- The action of varying concentrations of sodium 
hydroxide is probably due to its solvent effect on the lead sesquioxide, 
resulting in the re formation of sodium plumbite. The method is quite 
untrustworthy for estimating the lead in materials containing lead 
sulphate. T. S. P. 

Substitution of Bromine and of Iodine for Chlorine in the 
Separation of Cerium from the other Cerium Earths. Philip 
E. Browning and Edwin J. Roberts (Amer. /. Sal, 1910, [iv], 29, 
45 — 46). — The authors state that Mosander’s process (passing chlorine 
through a solution of an alkali hydroxide containing in suspension the 
hydroxides of the cerium group) may be improved by substituting 
bromine for chlorine. At the first treatment some 50% of the admixed 
earths are removed, and, after two more treatments, a deposit of pure 
ceric hydroxide is obtained. It is important to remove the excess of 
bromine each time by heating on a water-bath. 

Iodine also oxidises the cerium and causes the other earths to pass 
nto solution, but the reaction is too incomplete to be of any analytical 
ralue. -L, de K. 

Estimation of Chromium in Chrome Iron Ore. Joseph A. 
Muller {Bull. Soc , chim 1909, [iv], 5, 1133—1136). — Three methods 
»vere investigated, using pure chromium sesquioxide as the analytical 
material. 

In the first process, the oxide was fused with a mixture of sodium 
hydroxide and potassium nitrate, and the chromate formed, after 
moling, was dissolved in water, the solution acidified with sulphuric 
icid, and boiled to decompose nitrites. It was then reduced by sodium 
sulphite, and the chromium precipitated with just sufficient ammonia. 
This precipitate was heated with sodium hydroxide and hydrogen 
peroxide solution, the excess of the latter being finally removed by 
prolonged boiling. The solution was then diluted to a known volume, 
ind an aliquot portion titrated with potassium iodide and sodium 
thiosulphate (Abstr., 1909, ii, 96). This gave a result equivalent to 
39*6% of the theoretical. 

In the second process the sesquioxide was fused with a mixburo or 
iodium peroxide and potassium hydroxide. The aqueous extract from 
this was filtered to remove a trace of silver derived from the cruciblo 
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used, boiled during forty minutes, diluted to a known volume, and the 
chromium in an aliquot portion determined as lead chromate, or by 
titration with sodium thiosulphate (loc. cit.). By this latter method 
the process gave a result equal to 99'^% of the theoretical. 

The Blodget-Britton process, depending on heating the sesquioxifo 
with potassium chlorate and soda-lime, did not give good results 
owing to the difficulty of extracting all tho chromate from the insoluble 

residue. . 

Chromite, even after grinding in a porphyry mortar, requires fusing 
four or five times in succession before it can be completely dissolved 
by either of the first two processes. For each part of the mineral, 
four of sodium hydroxide and eight of potassium nitrate, or five of 
sodium peroxide and eight of potassium hydroxide, are needed for each 
fusion. The aqueous extract of the fused product should be treated 
with a few drops of alcohol to remove any manganese preseat. 

Both processes give equally good results with chromite, and the 
second is much more rapid, although it entails greater wear on the silver 
crucibles used. ^ ^ & 


Estimation of Tungsten in Tungsten-Steel. Ludwig Woltkr 
(Ghem. Zdt ., 1910, 34. 2).— 0 2— 0*5 Gram of the sample, which need 
not be finely powdered, is fused in a covered platinum crucible with 

0*5 T5 grams of potassium pyrosulphate, and, when sulphuric fumes 

escape, the flame is removed for half a minute and another 4 5— 135 
t rams of pyrosulphate are added in two portions. The mass is now 
heated gradually to redness and kept so for fifteen minutes. The lid 
is removed, and, when cold, the fusion is treated with 60-7o c.c.of 
water and boiled with 20 c.c. of hydrochloric acid. The tungstic acid 
is collected, washed with 10% ammonium nitrate solution, then dis 
solved in hot dilute ammonia, and evaporated in a weighed platinum 
crucible. On igniting the residue, pure tungstic acid is left. 

Traces of tungstic acid retained in the acid liquid may be recovered 
by evaporating to dryness, heating the residue for one to two hours at 

l*>o 130 3 and then boiling with dilute hydrochloric acid, which leaves 

the tungstic acid undissolved. If the presence of sdici is suspected 
this may be expelled by evaporating a few tunes with a few drops of 
hydrofluoric acid. 


Separation of Vanadium, Molybdenum, Chromium, ana 
Nickel in Special Steels. M. Emmanuel Po^i- W (t •**«£ 
1909, 149, 1131-1132; Ann. C/iim. anal, 1910, 15, 7--101 J 
hydrochloric acid or nitric acid solution of tho steel is heated to tal 5 
and treated with a large excess of strongly alkaline sodium 4 . 

A f ter boiling for some minutes, the insoluble iron and mcke y * 
(also those of manganese and cobalt, if these metals arep^t)^ 
filtered from the solution containing the chromate, molybd 4 , 
vanadate of sodium. The precipitate is dissolved in dflute hydrochl ^ 
acid, and the solution again treated with alkaline hyp ^ 

order to get into solution all traces of chromium, mo y ' 


vanadium. 
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The iron and nickel are then readily separated, as also the 
chromium, molybdenum, and vanadium by the usual methods. 

T. S. P. 

Estimation of Antimony by Gutzeit’s Method. Charles R. 
Sanger and Kmil Raymond Rieoel (Zeilach. anorg. Ghent., 1909, 65, 
16—24. Compare Sanger and Black, Abstr., 1908, ii, 64).— A special 
form of reduction apparatus is used, in which the gas evolved passes 
through a small chamber containing a disk of filter-paper saturated 
with lead acetate solution, which removes hydrogen sulphide and 
supplies the moisture required for the production of a regular antimony 
deposit- The mercuric chloride paper is cut into strips 6 — 7 cm. long 
and 4 mm. wide, and stored in the dark over calcium chloride. The 
reduction with zinc and hydrochloric acid is continued for thirty 
minutes, and the mercuric chloride paper, which is not coloured unless 
the antimony exceeds C'07 mg., is developed by means of iV/l ammonia 
for five minutes. The length of the dark band thus produced is com- 
pared with a standard series of stiips prepared with known quantities 
of antimony. Organic matter, except tartaric acid, must be absent, 
and the conditions of experiment must be exactly observed, The 
practical limit of sensitiveness of the method is about 0 001 mg. Sb. 2 O a , 
which is a smaller quantity than can be recognised with certainty by 
Marsh’s test. C. II. D. 


Analysis of Oolumbites and Tantalites. Gabriel Chesnrau 
(Cm.pt. rend., 1909, 149, 1132— 1135).-— The mineral is dissolved by 
heating with a mixture of potassium hydrogen sulphate and sulphuric 
acid. The solid ma«s which is obtained on cooling is dissolved in 
water, the solution filtered, and the filtrate, after neutralisation with 
ammonium hydroxide, heated to boiling in order to precipitate the 
colnmbium and tantalum as pentoxides, The washed precipitate is 
digested for twenty-four hours with a tepid solution of ammonium 
sulphide, and then washed with cold 5% hydrochloric acid. While 
moist, it is treated with potassium fluoride and hydrogen fluoride in 
order to obtain the tantalofluoride and columboxyfluoride of potassium, 
which are then separated by the less solubility of the former in 


warer. . 

The filtrates from the pentoxides of columbium and tantalum 
contain iron, manganese, etc,, which are estimated in the or i naiy 
way. The pentoxides also contain the silica and titanium dioxide 
present in the mineral; the silica is estimated by treatment ol a 
known weight of the pentoxides with hydrofluoric acid. 

The titanium is estimated colorimetrieally by means of hydrogen 
peroxide, the colour not being affected by the presence of columbium 
and tantalum; the pentoxides containing the titanium dioxide art 
dissolved by treatment with a mixture of potassium hydrogen sulphate 
and sulphuric acid. 


Process for the Rapid Estimation' ^ lo °^ ; ™ 

(Bull. Assoc. Ghim. Suer . Hist., 1909, 27, 5 - )• concen- 

proposed depends on the complete miscibility o e er \ 
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trated alcohol. Twenty c.c. of the alcoholic liquid, wine for 
under examination are placed in a stoppered tube, 10 c.c. of ether 
D 0*724, are added, and 98$ alcohol is run in from a burette i* 
successive small quantities, the mixture being shaken after each 
addition. At first the ether separates out as a layer, but when 
sufficient alcohol has been added, the ether mixes completely with the 
alcoholic solution. The quantity of alcohol added is then noted, and i s 
a measure of the amount of alcohol present originally in the saniplg 
The burette employed is graduated so as to give directly the quantity 
of alcohol in the sample ; it is a patented piece of apparatus, and it , s 
quite possible that an ordinary burette graduated empirically may h 6 
used in its place. W. P, & 

New Method for Detecting Traces* of Alcohols. E. DE 
Stcecklin ( Compt . rend., 1910, 150, 43 — 45. Compare Abstr., 191 (), 
i, 196, 198).— A description of a method for the detection of alcohols' 
based on their conversion into aldehydes by a peroxydase system. 
A few drops of the liquid to be examined are rendered very 
slightly acid with acetic acid. The mixture is then treated with two 
drops of a solution made by adding a ferric salt to a hot freshly 
prepared solut ion of quin bydrone and containing 0*1$ of iron. A. 
few drops of a 5% solution of hydrogen peroxide are added, and the 
mixture shaken. SchifFs reagent is employed to recognise the 
aldehydes formed ; if present, ferric tannate is substituted for the 
iron-quinhydrone, and the operations repeated j under these conditions, 
glycerol gives no result. Deniges reaction (Abstr., 1909, ii, 
272 — 273) is recommended iu conjunction with the foregoing as a 
sensitive test for glycerol. W. 0. AV. 

Detection of Resorcinol by means of the Cyanocupric 
Reaction. Volcy-Boucher and J. Girard (Ann. Chim. and., 1910, 

13 14). When a neutral or slightly acid resorcinol solution is 

mixed successively with copper sulphate solution and a small excess 
of potassium cyanide solution, a bright green iiuorescence is observed. 
The reaction takes place in the cold, and the reagents must be added in 
the order mentioned. The reaction is given by a solution containing 
as little as 0*1 gram of resorcinol per litre. W. P. S. 

The Methods of Lecithin Estimation. Joseph Keuking 
(Biockcm. Zeitieh., 1909, 23, 262— 269).— Brain was submitted to 
fractional extraction with acetone, light petroleum, benzene, absolute 
alcohol, 85$ alcohol, and ether, and the phosphorus determined in the 
extracts. These experiments led to no method for quantitatively 
separating the lecithin. Attempts were then made to quantitatively 
precipitate the lecithin from various solutions in organic solvents by- 
means of pure acetone, and acetone to which various acids or salts had 
been added. It was found that egg-lecithin could be quantitatively 
precipitated from ethereal solution by acetone if, to the latter, a few 
‘drops of (cold) saturated alcoholic solution of magnesium chloride bad 
Wen added. From other solvents and by the other methods trie! 
(acetone solutions of tartaric acid, etc.), the precipitation was incom- 
plete. ' 
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Volumetric Estimation of Sugars by K. Lehmann’s Process. 
Erwin Eupp and F. Lehmann {Arch, Pharm., 1909, 247, 516—526).— 
Fehling’a solution and a solution of the sugar are boiled for a suitable 
time, cooled, and poured into admixture of potassium iodide, dilute 
sulphuric acid, and water, the liberated iodine being then titrated with 
A/ 10 -sodium thiosulphate. Dextrose, lccvulose, invert sugar, maltose, 
lactose, starch, dextrin, invert sugar in wine, maltose in beor, and 
lactose in milk have been estimated by this process or by slight 
modifications of it. 0 . g 

Separation of Sucrose and Lactose by the Bulgarian 

Ferment. L. Margaillan (Compt. rend., 1910, 150, 45 47). 

Bertrand has shown (Abstr.,. 1909, i, 623) that the lactic organism 
from curdled Bulgarian milk is capable of converting lactose almost 
quantitatively into lactic acid, but is without action on sucrose. It is 
possible, therefore, to estimate the latter in mixtures containing 
lactose or dextrose by treatment with the Bulgarian ferment, followed 
by inversion and determination of the reducing power, 

\V. 0. \v. 


The Method of Estimating Sugar in Urine. Ivar Bang and 
jOSTA Bohmannsson ( Zeitsch . physiol. Chem ., 1909, 63, 443 — 454). — • 
V defence of Kang’s method (Abstr,, 1907, ii, 136) against certain 
jritieisms which have been made in reference to it. W. 1). H. 

Cammidge’s Reaction. Leon Grlmbekt and R. Bernier 
[J, Pharm. Chim., 1909, [vi], 30, 529 — 536). — The authors state that 
Uammidge’s reaction {Lancet, 1904) is obtained with all urines, and 
that the active principle formed by the hydrolysis with hydrochloric 
icid is glycuronic acid, which yields an osazone, m. p. 130 — 132°. 

L. de K, 

Detection of Reducing Substances in Urine. C. J. Reicharu 
[Pharm. Zeit ., 1909, 54, 1007). — The author applies the gold-iodine 
reaction {Abstr., 1909, ii, 262) for the detection of reducing substances 
in urine, and also for their identification. The presence of reducing 
matters may be shown by placing in a test-tube 8 c.c. of water, 0'5 c.c. of 
heutral 1% sodium aurichloride solution, and 01 c.c. 1% potassium iodide 
solution, 1 c.c. of normal urine is next added, and the whole left for 
jbwelve to fifteen hours. Tho mixture first turns violet, and then 
gradually deposits a blue precipitate, which is examined microscopically. 
The precipitate may be purified by shaking the liquid, first with ether, 
uid then, after evaporation of the ether, with chloroform. If sodium 
thiosulphate is cautiously added, the chloroform turns a violet- 
Wue. 

For the identification of urine, one drop of the gold solution, one 
Irop of the potassium iodide solution, and two drops of the supposed 
nine are placed on an object glass and dried for twelve hours over 
fulphuric acid. The slide is then examined microscopically, and will 
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show the characteristic crystalline, blue iodine compounds of 


acid, and creatinine. 


urea ) Uric 


L. de K. 


The Quantitative Estimation ‘Of Amino-acids in Urine h 
means of Formaldehyde Titration. Walther Frey and Aft- ^ 
Gigon (Biochem. ZeitscL , 1909, 22, 309— 315). — The ammonia * 
first driven off from the urine, and estimated by Spiro’s modifier** 5 
of the Folin method (by means of a current of air after addit*° tt 
of barium hydroxide solution and alcohol, the ammonia being recei j 
in standard acid). The residue was diluted to a definite volume in ^ 
aliquot part of which the amount of acid necessary for neutralisa^ 
with A 7 /5 -hydrochloric acid, using rosolic acid as indicator ^ 
determined. Another aliquot portion was then neutralised with the 
experimentally-determined necessary amount of acid, and in this 
solution the amino- acids were estimated by titration with alkali after 
addition by neutral formaldehyde in the usual manner, phenol 
phthalein being employed as indicator. g 


The Quantitative Estimation of Amino-acids, Polypeptides 
and Hippuric Acid in Urine by means of Formaldehyde 
Titration. Valdemak Henukjues and Horen P. L. SOrrsjb 
(Zeitsch. physiol. Chem., 1909, 63, 27 — 40). — The hippuric acid can be 
estimated by extracting the urine with ethyl acetate, hydrolysis the 
residue after evaporation of the solvent with hydrochloric acid mid 
then, after driving off the excess of mineral acid, estimating the glycine 
formed during the hydrolysis by the usual formaldehyde titration 
method. The polypeptides can be estimated by hydrolysing the uriiie 
after separation of the hippuric acid, by hydrochloric acid, and then 
after getting rid of excess of the mineral acid, estimating the amino 
acids in the usual way. The difference between the number thus 
obtained and the amino-acid number obtained before hydrolysis 
gives a measure of the quantity of polypeptides present in the urine. 
The authors also give details as to the use of indicators in the ordinary 
formaldehyde titration method. S. B. S. 


The Formaldehyde Titration of Amino-acids in Urine, 
Taszo Y OSH IDA (Biochen t. Zeitsch ., 1909, 23, 239 — 244). — The author 
shows that the formaldehyde titration method of Sorensen and 
Henriques for estimating amino-acid nitrogen gives generally satis- 
factory results. Only in the presence of large quantities of ammonium 
salts are the numbers obtained appreciably too low. He gives the 
results of a number of analyses of both normal and pathological 
urines. S. B. S. 


Detection of Biliary Acids, Lsevulose, Glycuronic Acid, 
and Pentoses in Urine. Adolf Jolleb (Chem. ZtiL, 11)09, 33, 
123fc5 — 1239). — Polemical. A reply to the criticisms of Wideband 
Welwart (Abstr., 1909, ii, 1057), in which the author recapitulates 
his methods and upholds their accuracy. b* M 
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Detection of Biliary Acida [and Acetone]. Rodolfo Fritsch 
(Zeitsck. anal. Chem,, 1910, 49, 94 — 96).— Jolles’s process, boiling with 
rhamnose and strong hydrochloric acid, is recommended instead of 
the Pettenkofer sugar-sulphur jc acid test. The rose coloration, 
changing to a green fluorescence, is characteristic for biliary acids. 
These acids may be separated from aminos by precipitating with a 
3% solution of casein and sulphuric acid, and then extracting from the 
precipitate with absolute alcohol. If to dilute solutions of acetone 
are added a few drops of a 5% solution of rhamnose, and then an 
equal volume of strong hydrochloric acid, the liquid when heated 
turns a magenta colour, which is very permanent. 0*01 Gram of 
acetone in 1 c.c. of liquid may thus bo detected. L. de K. 

Thiocyanates in Tobacco Smoke. Julius Toth (Chem. Zeit 
1909, 33, 1301). — The presence of thiocyanates in tobacco smoke may 
be proved by passing the fumes of a dozen cigars through two was?h- 
bottles, each containing 100 e.c. of water, and adding to the mixed 
filtered liquids, copper sulphate and sulphurous acid. The precipitate 
is then collected and treated' with aqueous sodium hydroxide ; after 
acidifying with hydrochloric acid, the liquid will give the red colour 
with ferric chloride, disappearing on addition of mercuric chloride, or 
the aqueous solution may be mixed with zinc sulphate, which causes an 
abundant precipitate. The filtrate is then acidified with nitric acid, 
and, after adding copper sulphate solution, healed to 80°; the 
precipitate obtained is washed and treated with ferric chloride, when it 
will give a red coloration. 

The amount of thiocyanate present may be estimated by passing the 
fumes of a dozen cigars through washbottles, each containing 100 c.c. 
of milk of lime. The united filtrates are evaporated and mixed with 
copper sulphate and excess of sulphurous acid. The copper thio- 
cyanate is then converted by ignition into oxide and weighed as such, 
or Alt and Volhard’s process — conversion of the thiocyanate into 
sulphate (Zeilsch. anal. Chem,, 1896, 35, 315)— may be used. 

L. de K. 

New Test for Strychnine. Paul Malaquin (/. Pharm. Chim ., 
1909, [vi], 30, 546 — 549). — One c.c. of a solution of a strychnine salt 
(about 1 : 1000) and 1 c.c. of pure hydrochloric acid are placed in 
a test-tube, and 1 gram of pure and clean zinc cuttings is added. 
After four minutes, the liquid is rapidly heated to boiling and then 
cooled. The solution is carefully poured down the sides of a test- 
jfcube containing 2 c.c. of pure sulphuric acid. Either at once or 
jwithin a few minutes, a rose-coloured ring will be noticed ; after 
a time the colour gradually spreads through tho acid, lhe contents 
nay also be shaken so as to accelerate the reaction. The colour 
s not altered on boiling, and in this way there is no danger of 
nistaking veratrine, which also turns red, for strychnine. 

The colour is destroyed by potassium thiocyanate, but not by 
atlphur dioxide. Ammonia discharges the colour, but acids again 
estore it. None of the other alkaloids or glucosides (of which a list 
s given) show the reaction. Hydrogenation of strychnine may also 
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bo effected in alkaline solution by means of sodium amalgam, but thi 8 
operation is less convenient. Strychnine may be extracted by agitating 
its salts with ether in the presence of an alkali. The ether i s then 
shaken with dilute hydrochloric abid, and, after warming to expel 
the ether, the liquid is treated with zinc as just directed. L. de K, 

Estimation of the Xanthine Bases in Cocoa qpd Chocolate. 
A. Prochnow (Arch. Pharm 1909, 247, 698 711), The author has 
tested the processes of Hilger and Eminger, of Dekker and Weimar*, 
of Beckurts and Promme, and Katzs modification of the last, for the 
estimation of theobromine and caffeine in cocoa and chocolate. Katz's 
process is the best, if carried out as follows : Six grams of powdered 
cocoa or 12 grains of powdered chocolate, 197 grams of wa'er, and 
3 grams of dilute sulphuric acid are boiled under a reflux condenser 
for thirty minutes in a tared litre flask. After the addition of 400 
orams of water and 8 grams of magnesium oxide, the boiling * 
continued for one hour. Water, 30 to 50 grams, is added to com- 
pensate for that evaporated, the mixture is well shaken, and its weight, 
excluding that of the cocoa or chocolate, is determined. A portion 
of the liquid, five-sixths of the weight (corresponding with 5 grams 
oE cocoa or 10 grams of chocolate), is filtered, and evaporated almost 
to dryness. The residue is dissolved in water, the solution is made 
up to about 25 e.c., treated with 25 drops of liquefied phenol, and 
extracted with chloroform in a Katz percolator for six hours. The 
chloroform in the extraction flask is ovaporated, the phenol is 
carefully removed from the warm flask by the aid of the bellows, and 
the flask is dried until the weight is constant. C. S. 


Estimation of Purine Nitrogen in Urine. Stanley B, 
Benedict and Tadasu Saiki (*/. Jiiol. Chevi ., 1909, 7, 2/).—The 
Kriiger-Schmid method of estimating puriue nitrogeu gives low and 
irregular results. Satisfactory results can, howevor, be obtained by 
first rendering the urine acid by adding 20 c.c. of glacial acetic acid to 
each 300 c.c. of urine. ^ 

New Reactions of Thiocarbamide. T. Sato (Biochmi. Ztih id., 

1909, 23, 44 45).— The following reactions are described : coloration 

with acetic acid and potassium ferrocyanide (green changing to blue), 
with hydrochloric acid and potassium ferrocyanide, and with the 
ferrocyanide alone. Tbe rate of development and disappearance of 
the colour varies in the three methods of carrying out the reaction, 
AVith sodium carbonate and ferrocyanide, a pink to violet colour 
gradually develops. This reaction is sensitive in dilutions of 1 in 
10,000 to 1 in 20,000 of the urea derivative. *>. - 


A New and Sensitive Reaction of Scatole. Takaoki Sasaki 
USiockm. ZeitscL, 1910, 23, 402— 403).— If 3 c.c. of scatole solu fion 
aie mixed with 3 drops of methyl alcohol, and an equal volume 
concentrated sulphuric acid added, a violet ring is formed at the plac 
of contact ; on shaking the fluids together, the whole mixture^ 
violet red. Dilutions up to one in five millions give the test, i ' 
gp’tn by tryptophan, indole, or by 2-methylindole. 
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Estimation of <f Saccharin ” [o-Benzoicsulphinidel in Various 
Foods. Giuseppe Testoni (ZeUsck. Xahr. Gentusta.. 1009 18 
077—587).— The estimation of “ saccharin ” in food* and beverage* is 
rendered somewhat complex by the presence of other .substances which 
are extracted together with the “saccharin” by the usual solvent^ 
The following methods of separating the “saccharin” from such 
substances are shown, from the results of actual experiments, to hi 1 
trustworthy. Should the , ether-extract contain benzoic acid in 
addition to the “saccharin,” the extract may be heated at 110-115 1 
until the whole of the benzoic acid has sublimed; the “saccharin” 
remains unchanged, and may then be weighed. The benzoic acid may 
also be removed by steam distillation. Another alternative is to 
precipitate the “saccharin” from an alcoholic solutiou of the ether- 
residue by means of silver nitrate ; the silver compound formed has 
the formula AgC 7 H 4 S0 3 N, and may be dried at 100° before weighing. 
In the case of wines, beer, aerated beverages, syrups, etc., the ether- 
extract will contain tartaric acid, citric acid, tannin and other 
substances; these may be destroyed by oxidation with permanganate, 
and the “ saccharin ” then extracted from the evaporated solntion. 
In the presence of salicylic acid, the ether residue may be weighed, and 
the salicylic acid then estimated in the usual way, the amount of 
“ saccharin ” present being found by difference, or the salicylic acid 
may be precipitated by means of bromine and the “saccharin ” then 
extracted with ether, after removing the bromine compound by filtra- 
tion. In cases where the ether-residue contains fatty substances, 
essential oils, etc., the oxidation process may be applied for the 
removal of any tartaric or citric acids present, and the sulphur then 
estimated in the purified residue of u saccharin ” ; or the “ saccharin ” 
may be hydrolysed by boiling with hydrochloric acid, and the 
ammonia formed then estimated. Pure “saccharin ” yields 7 '65% of 
ammonia. 

The author finds that a mixture of equal parts of ether and light 
petroleum is the best solvent to use for the extraction of “ saccharin ” 
from its solution. W. P. S. 

Estimation of Tannin [in Catechu]. G. C. A. van Dour and 
J. KiODESbukg (Chem. Wee kbit id , 1909, 6, 993 — 998). — The authors 
state that the only process which gives fairly satisfactory results in 
the assay of catechu is the process known as the IIunt-Loewenthal 
[{titration with permanganate in presence of indigotinsulphonic acid 
before and after treatment with solution of gelatin). 

The separation of non-tannin matters from tannins by means of 
hide powder, gives quite erroneous results. In one instance a sample 
pf catechu gave 61 ‘7% of tannin, but when another specimen of hide 
powder was used, only 34*3% was obtained. L. djs K. 

The Detection of Blood-pigment by its Absorption of the 
Violet End of the Spectrum. Otto Schumm ( Zeitsch . 'physiol. 
Uhem., 1909, 63, 478— 483).— Details are given of the methods for 
studying the details of the absorption bands in the violet and 
Ultraviolet region of the sped nun which hamioglobiti and its 
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derivatives exhibit, and which Gamgee^ among others, called attention 
to. By suitable means- an aqueous solution of blood examined i n 
a thickness of 1 ceutimetro. exhibits this absorption in dilutions 

oflin 4000 to 5000; ’ ' W * J ->- H. 

The Estimation, of Pepsin by the Clarification of a Turbid 
Solution of Egg-white. S. Hata (Biochum. Zedsch., 1909, 23, 
179 — 185 ).— The egg-white solution is prepared by diluting egg-white 
in a mortar to five times the original bulk with water, filtering 
heating at 60° for twenty minutes, and lilteriog again through muslin, 
A turbid Solution* is thereby obtained, which can be kept unchanged 
for several months. For the purposes of the test, this solution i s 
again diluted* with water to! ten times its bulk. Into a series 0 f 
test-tubes varying quantities of the pepsin-containing liquid are 
introduced, and diluted to 1 c.e. 0*5 c.c. of iV/10-hydrochloiic acid 
and 2 c.c. of the diluted suspension are then introduced, and the time 
of clarification is noted. The procedure is then similar to that 
employed in the riein and odostin methods. The time of clarification 
is approximately inversely proportional to the dilution. 8. L>. S. 


Employment of the Guaiacol Method for the Quantitative 
Estimation of Peroxydase. Julius Brunn {Ber J)mt boUiu, 
1909, 27, 505 — 507). — In employing Ostwalds method (Abst-r., 1907, 
ii 976), quite fresh solutions of the resin must be used, as distinct 
amounts of peroxydase are formed in a few hours. A special delect is 
the use o'f drops of a strong resin solution instead of c.c. ot a more dilute 
solution. The rate of tho reaction should he determined, and not ike 

final amount of colour. ... , , , , .. 

The followin'' method is recommended : A scale of colouis of dller- 
ent intensity is prepared by diluting a blue water colour emukon 
(Prussian blue with a little cadmium yellow and white). Uie back d 
the test-tube stand, which is placed in a window, is coveted nth 
tissue paper to avoid reflexions. Tho extracts in test-tubes are 
treated with hydrogen peroxide, and a little concentrated (golden 
yellow) solution of guaiaconic acid (l c.c. to 10— lo e.c. extract, » 
which 0-2 c.c. H,O,/20 had been added) poured on. 1 be tubes to I* 
compared are shaken simultaneously to mix the eo ? u “ t *V*“ ® 
increase in intensity of the colour observed at definite lute. a* at 
compared with the tube scale; the more rapid the cob 
greater the amount of peroxydase (compare Eulei am^> » - 
1909 , 1 , 863 ). ^ ‘ ’ 

A Teat for Mushrooms. M. LOwy ( Cktm . ZeiL, 1909, 33,1-oU 
—An aqueous infusion of Agaricv* 'ampestne gives with w.ptn. 
acid, 1) 1*86, a deep violet coloration. The reaction is best earned ; 
as a ring test. The colour disappears on warming. Ike author^ 
not as yet succeeded in isolating the aftivo pnncip . ^ 

uf other fungi do not give tho reaction. 
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pulfrich’a Ratio between Volume Contraction and Refractive 
Power of Liquid Mixtures. Edmond van Aubel (Compt. rend., 
1910, 150, 210— 213).— Pulfrich has established the relationship: 
{R- 7?,)/.® ==* for binary mixtures, where R denotes 
the refraction and D the density- of the mixture, R v and D 0 the 
refraction and density respectively which the mixture would have 
shown had there been ho volume change on mixing, whilst q is a 
positive constant. The author shows, by calculation from results 
(obtained by Wintgen (Thesis, Bonn, 1908), that in the case of a 
inixture of aqueous solutions of tartaric acid and ammonium hepta- 
jmolybdate, q is negative. \V. 0. W. 


Molecular Refraction of Isomeriaabla Unsaturated Acids 
md their Salts. Arthur Hantzsch and Kurt Meisenbuhg ( Ber ., 
910, 43, 95 — 105. Compare Briihl, Abstr., 1904, i, 969; 1905, i, 
.70). — The molecular refraction of nitroethane and nitropentane in 
>thyl alcohol and in potassium ethoxide solutions shows that the 
•elationship between the two nitro-compounds in ethyl-alcoholic 
lolution is perfectly normal. The difference is 13*83, and the value 
’or 3CH 2 is 13*80. 

The results also show that the effect of. the solvent on the refraction 
s not marked. Similarly, p-ehloro- or ^-bromo-phenol has practically 
lie same molecular refraction in alcohol and in sodium ethoxide 
jolutions. 

I A comparison of />-nitrophenol and p-nitroanisoie proves that the 
phenol in wobutyl butyrate, acetone, and methyl-alcoholic solutions is 
i true phenol, the difference between the two compounds being 
practically the value due to CH 2 . On the other hand, the /}-nitro- 
jhenol in methyl alcohol and potassium methoxide solution shows a 

I nference of 9*67 units; this undoubtedly indicates that the salts are 
erived from the aci-phenol. The following numbers give the 
mcrements in the mol. refractions of the three nitrophenols when 
transformed into their salts : 


Mol. ref. D 9 '68 4 '26 1*80 

Mol. ref. a 7 '87 3 '63 l‘/l 


The molecular refraction and also the colour of solutions of 
•nitrophenol indicate that it is partly converted into the aci - 
erivative. 

; With o- and p-benzaldehydes the following increments duo to salt 
armation were obtained : ortho 3*20, para 4'88, results which point 
f the conclusion that the salts cannot be simple phenolic salts. It is 
hinted out that the relationships between colour and molecular 
^fraction are not so simple as stated by Kauffmann (Die Auxochrome, 
65). 
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The refraction of the azo-group, calculated from fcho value f 0t 
azobenzene, is 13*95, whereas in ethyl diazoacetate it has the v a i Uft 
8*41. The values for jo-hydroxyazobenzene, its ethyl ether, and its 
acetyl and propionyl derivatives agi^e with the normal hydroxyl 
structure for the free hydroxy-compound. The value for the hydroxy, 
compound is somewhat increased when ethyl alcohol is used as solvent 
probably owing to the formation of an additive compound. The 
values for the salts show an increment of some 12 units. This i s 
attributed not to structural molecular rearrangement, but as d ue 
to the play of subsidiary valencies, for example : 

/N,Ph y -N 2 Ph 

Ofi/ : 

M)H M)M 

Similarly, the large increments noticed by Briihl in the salt 
formation of ethyl acetoacetate are not necessarily due to a structural 
alteration (enolisation), but may be due to the calling into play 0 f 
subsidiary valencies. 

It is pointed out that the molecular refraction of the salts is greater 
than that of the true enolic alkyl and acyl derivatives, and therefore 
this high exaltation can only be due to a further constitutive 
change due to subsidiary valencies : 

-OCOOEt •C , C(OM) , OEt 

| j : or possibly 1 1 j 

OOM *00 

J. J. S. 




ii /NjPh 

and C*H/ : or C c H 4 ( : . 

X)M 


Theory of Dispersion in Gaseous Substances. Ladislas 
Natanson {Bull Acad . Set. Cracow , 1909, 907 — 9 15).- Recent 
measurements of the dispersive power of nitrogen, oxygen, hydrogen, 
carbon monoxide, carbon dioxide, methane, hydrogen sulphide, sulphur 
dioxide, helium, and argon have been made use of to test a deduction 
made by the author from Lorentz’s electronic theory of absorption. 
The calculations based on these data indicate with some degree 
of probability that the product a. A, in which a is the number of 
dispersion electrons contained in a molecule of a gas, and A the 
constant in the equation : (« 2 + 2 )/(vr — 1) = A(1 /A* - 1/A,'), has the same 
value for all gases. The average value of a.A is 16*3 x 10 r cin.", and 
although in certain cases the experimental data of different observers 
differ widely, the author considers that sufficient evidence has been 
obtained to justify the conclusion that there is a close connexion 
between dispersion and valency, K- ^ 

The Long-waved Portion of the Spectrum of Titanium. 
Paul Fiebig (Zeitsck. wiss. Photochem 1910, 8, 73 — 10L). — The 
author has made a detailed photographic investigation of the line and 
band spectra of titanium between A 4200 and A 7360. For the pro 
duction of the spectrum, metallic titanium was introduced into » 
cavity made in the positive electrode of a carbon arc, an te 
iequisite large dispersion was obtained by a Howland grating having 
a radius of curvature of 6'6 metres and 20,000 lines to the inch. * 
measured wave-lengths together with the estimated intensities a 
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recorded in tabular form, and the results compared with those 
previously obtained by Thal6n, Hasselberg, and Rowland. 

H. M. D. 

Investigation of the Sodium Spectra. Hans Zickendraht 
[Ann. Physih , 1910, [iv], 31, 233:— 274). — The author has examined 
in detail the emission spectra obtained from the arc discharge between 
electrodes of different materials in an atmosphere of sodium vapour, 
and from the glow discharge under different conditions with and 
without an interposed spark gap. The consequent variations in the 
emission spectrum are described in detail. 

In the second part of the paper, a summary is given of spectral 
observations relating to sodium, and these are discussed in reference to 
the author's measurements. H. M, D. 

Spectra of the Erbium Compounds and Stark’s Valency 
Hypothesis. Karl A. Hofmann and Heinz Kirmreuther ( Zeitseh . 
physikal. Chem ., 1910, 71, 312—324). — Stark (compare Abstr., 1908, 
ii, 574) has suggested a theory of valency based on the assumption 
that at the surface of a chemical atom there are positively charged 
spheres and minute negative electrons. When the atom enters into 
chemical combination, the lines of force from certain of the electrons 
become attached to the positive spheres on the other atom (saturated 
valency electrons) ; other electrons are not affected, their lines of force 
remaining attached to the positive spheres of their own atom (unsatur- 
ated valency electrons), while a third kind of electrons are affected in 
such a way that their lines of force are partly separated from the 
positive spheres of their own atoms (loosened electrons). According 
to Stark, the band spectra of the un saturated valency electrons have 
their lower limit, at least in some cases, in the unattainable ultra- 
violet, A = 0*06/1, the band spectra of the saturated valency electrons 
|ie in the ultra-red above A = 0‘5/t. Hence in the visible region only 
the absorption due to the loosened valency elections is of importance. 
[The work of the authors on the spectra of erbium compounds supports 
Stark’s theory. 

■ The spectra of a number of solid anhydrous erbium salts were first 
measured at different temperatures by concentrating on them the 

| ;ht from the positive carbon of an arc lamp by means of a quartz 
js, and examining the reflected light by means of a double prisin 
drument. 

The spectra of erbium sulphide and chloride are very similar, and 
e change from chloride to oxide, and from oxide to sulphate, only 
ings about displacements of 1 — 3 A in the absorption bands, so that 
e electrons concerned in the absorption are not the saturated ones 
ecting the combination between erbium and the other elements or 
oups. Similarly, the effect of temperature in displacing the absorp- 
>n bands is very slight, whereas the chemical -linkings produced by 
i-urated electrons are very greatly affected by change of temperature, 
i the other hand, the addition of water to the salts produces a great 
-eration in the spectra, and it is suggested that this is due to 
drate formation with participation of the “ loosened ’ electrons. 
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The saturated valencies may, therefore, correspond with VVernc,’., 

<> Hauptvalenzen” (principal valencies), the valencies due to the loos 6ned 
electrons with Werner’s “ Nebenvalenzen (subsidiary valencies). 

From an examination of the groups of absorption bauds of tic 
binary anhydrous erbium compounds, the conclusion is drawn 
that the effects are produced by three ‘'loosened electrons, which, 
with the three “ saturated ” valencies, make a total of six, correspond- 
ing with Werner’s co-ordination number. G. S. 

Flame Spectrum of Iron at a High Temperature. Gm kn 
a Hemsalech and Chahles dk Wattwim {Cmn.pt. mi, 1910, 
150 329—332. Compare Abstr., 1908, u, 445, 547).— When sparks 
are passed through an oxygen-acetylene flame between iron electrodes, 
the Spectrum shows fewer lines than the simple flame spectrum The 
lines are more intense than those obtained with the oxy-hydrogen , 
flame Some of the lines are identical w.th those seen m the blue 
cone of the Bunsen burner. A comparison is made in tabular fora 
showing the relative intensities of lines in the two flames. layers 
enhanced line, \ 3935-92, has been observed, but apart from this the 

tctrsstfitsrsr' --sw 

Ku“ 6 “and I H. n H0L 1 LNA0EL {S^gTur.t. A ST*!* 

26—52) -The authors have examined the ultra-red rays of very gnat 
wave-length which are obtained as the result of selective reflexion al 
ThTsurfaces of polished plates of crystals of sodium chlor.de, pete.™ 
chloride, bromide and iodide. The wave-length measurements were 
effected by means of a quartz interferometer, the ready absorbatalty 
of the loDg-wave rays necessitating, however, special arrangements » 

' connexion with the details of the apparatus. 

The residual rays, which were examined by a micro-radiometer after 
reflexion at four surfaces of the substance under invest, gatlon ta 

remote ultra-red region, P , . visible spectrum 

thus approximately seven times as long as that of the v.«™ I* R 

Absorption Spectra of Various jM. to ***“£ 2 
Effect of Temperature on Such __ A continuation 
W. W. Strong (Amer. them. J-, 1919 >^®’ .. 87) a review is gi'» 
of. the work described previously (this vol., n, 87). ^ madet o 

of recent spectroscopic investigations. A P „i O hloride 

obtain the Zeeman effect for the absorption bands of uranyl 
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and neodymium salt solutions, but without success. It is hoped, 
however, that the Zeeman effect may be obtained with solutions of 
erbium salts. 

In studying the effect of change of temperature on the absorption 
spectra of salts, spectrograms have been made of the spectra of aqueous 
solutions at various concentrations of cobalt chloride (alone and in 
presence of aluminium chloride and of calcium chloride), cobalt thio- 
cyanate, nickel acetate and sulphate, copper bromide, copper chloride 
(alone and in presence of aluminium chloride and of calcium chloride), 
utanyl chloride, nitrate, acetate and sulphate, uranous chloride and 
sulphate, praseodymium chloride, neodymium nitrate and bromide, 
neodymium chloride (alone and in presence of calcium chloride), and 
erbium chloride. * 

The results are discussed in the light of the electron hypothesis. 

It has been found that the effect of a rise of temperature of an 
aqueous salt solution is to increase the general absorption and also 
to broaden and intensify the bands, and that, as a rule, the increase 
of the general absorption is much greater in concentrated than in 
dilute solutions. 

The presence of calcium and aluminium chlorides causes the 
chromium chloride bands to widen very nnsymmetrically on the long 
wave-length edge as the temperature rises. 

The urauyl chloride bands are shifted towards the red with rise of 
temperature. The urariyl acetate and sulphate bands are also slightly 
shifted, but those of the nitrate are not affected in this way. 

In the case of the neodymium and erbium salts, the hands do not 
appear to be shifted as the temperature increases. In presence of 
calcium chloride, however, the neodymium chloride bands are shifted, 
and the bands become fainter with rise of temperature. E. G. 

Restoration of Phosphorescence to Sulphides of the 
Alkaline Barths. Desire Gernez ( Compt . rend 1910, 150, 
295 — 300), — Specimens of the phosphorescent sulphides of calcium, 
barium, and strontium were found to have lost their phosphorescence 
after an exposure of six years to moist air. This appeared to‘be due 
to oxidation to the sulphates, since the phosphorescence was restored 
by heating the substances in a current of hydrogen. The action of 
heat alone had very little effect on the phosphorescence. 

W. 0. w. 

Photochemical Equilibria. III. Photochemical Equilibrium 
of Carbonyl Chloride. Alfred' Coehn and Hans Becker (Ber., 
1910, 43, 130—133. Compare Abstr., 1909, ii, 846).—' Weigert 
(Abstr., 1907, ii, 835) has found that the dissociation equilibrium of 
carbonyl chloride at 500° is not affected by light ; the action of the 
latter is simply to accelerate catalytically the attainment of 
equilibrium. His experiments are not conclusive, however, since 
glass vessels were used. The authors now find that when carbonyl 
chloride is passed through a quartz tube at the ordinary temperaturo, 
and at the same time submitted to the action of light from a mercury- 
quartz lamp, it is partly decomposed into carbon monoxide apd 
chlorine. When 1 c.c. of carbonyl chloride passed through the quartz 



iL 174 


ABSTRACTS OF CHEMICAL PAPERS. 


tube (20 cm- long and 0‘5 cm. in diameter) per minute, the amount of 
decomposition was 3-3—4%. The effect is chiefly due to the short 
ultra-violet rays, since when tubes of XJviol glaBs were used, which 
are only transparent to waves of greater wave-length than 265^, the 
decomposition was only 0'46— 0*5%. In ordinary glass tubes there 
was no decomposition. 

1 n all thecases hitherto examined, Damely, the photochemical equilibria 
of sulphur trioxide, hydrogen chloride, and carbonyl chloride, the 
actual equilibrium is affected only by ultra-violet rays.. Rays of 
greater wave-length simply act catalytically on the attainment of 
equilibrium. 

Experiments which are at present iu progress show that water 
vapour is decomposed to a considerable extent by ultra-violet light. 

Chemical Action of Light. V. Photochemical Phenomena 
in Dye Solutions. Fritz Weigert ( Btr 1910, 43, 164—172. 
Compare Abstr., 1908, ii, 5, 748, 914; 1909, i, 219, ii, 532), — In 
liquids exposed to the action of light, condensation nuclei arc formed; 
these bring about local increases in concentration, and accelerate 
chemical reactions which do not take place in the dark. Proof of the 
formation of condensation nuclei is afforded by the fact that solutions 
of dyes exposed to light show an increased solvent *action towards 
gases. 

The dyes studied were uranin, erythrosin-G and -J, phloxin, 
methyl-violet, and malachite-green. These were enclosed in tubes with 
nitrogen, maintained at 15°, and exposed to the light from a mercury 
lamp. A manometer was arranged to indicate the gas pressure in the 
tubes, which were constantly shaken. The solubility of nitrogen in 
water is not affected by exposure to light. In the dye solutions a 
decrease in pressure took place, at first with constant velocity, but 
subsequently becoming slower. After keeping the tubes in the dark 
again, an increase in pressure was found, but the original value was 
never attained. A special differential-adsorptiometer was designed to 
remove the absorbed nitrogen by boiling the dye solution, but it was 
found only possible to recover a portion of the gas absorbed. The 
amount of dye present in solution is far too small to explain the 
increased solubility of the gas as due to the influence of the dye. 
Undoubtedly, condensation nuclei form, and the nitrogen condenses at 
their surface. E * F * k ' 

Radioactivity of some Waste Springs in the Vosges. 
Andre Brochet (Compt. rend ., 1910, 150. 291 293). b eai 
thermal springs of Plombiores, Luxeuil, and Bains, there exist in the 
region of the Vosges some springs running to waste, lhe radio- 
activity, both of the gases and water, of these springs has been found 
to be high. Particulars are given of springs of the Uawteau, 
Fontaines-Chaudes, and Chaudes- Fontaines or Reherrey. 

Radioactivity of Halogen and Oxyhalogen Compounds of 
Thorium. J. Chaudier and Edouard CitaUVKNET (Compt- 
1910, 15Q, 219— 221).— The radioactivity (a- radiation) ot a nuin 
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of freshly prepared halogen and oxyhalogen compounds of thorium 
has been compared with that of thorium dioxide and thorium in 
a Curie electroscope. The powdered substances were sifted over 
plates 4 cm. in diameter, the weight of substance employed bein«r 
varied up to 0 35 gram, for which the a-radiation is a maximum. In 
the latter case, the intensity of the radiation diminished as the atomic 
weight of the elements combined with the thorium increased. The 
substances arranged in descending order of activity were as follows : 
Th, Th0 2 , ThOF 2 , ThF 4 , ThOCl 2 , ThCl^, ThOI 2 , ThBr 4 . As the weight 
of the substance employed is reduced, the differences iu the relative 
activities of the compounds disappear. Below 0*01 gram all are of 
similar activity, indicating that the radioactivity is an atomic 
property of tboriurfh p. & 

The Action of the a-Raye on Glass. Ernest Rutherford 
(Mem- Manchester Phil. Soc ., 1909, 54, v, 1).— Fine capillary tubes 
of soda-glass that had contained radium emanation show in transverse 
section a coloured region extending about 0’04 mm. from the inner 
wall of the capillary, corresponding with the range of the most 
penetrating a-rays of radium in glass. This confirms the correctness 
of Joly’s explanation of pleochroic halos (Phil. Mag., 1907, [vij, 13, 
381 ; 1910, 19, 327). - F.S. 


The Absorption Law of /3-Rays. W. Wiison (Phynkal 
Zeit8ch ., 1910, 11, 101. Compare Proc. Hoy. Soc., 1909, A , 82, 612). — 
The former conclusion, that the exponential law of the absorption of 
/3-rays is indicative of non-homogeneity of the rays which have a 
certain distribution of velocities, is reaffirmed and the criticisms of 
Hahn and Meitner (this vol., ii, 8) are replied to in detail. The con- 
clusion is drawn that the /3-rays suffer diminution of velocity in 
passage through matter. F. S. 

Production of Helium by Radium. Ernest Rutherford and 
Bertram B. Boltwood (Mem. Manchester Phil. Soc., 1909, 54, yi, 
1_2) — The gases generatod in eighty-three days from a solution of a 
barium-radium salt containing 0*2 gram of radium, which had been 
freed chemically from polonium and radium-2), were subjected to 
repeated absorptions with charcoal cooled in liquid air, and the un- 
absorbed part was found to consist of helium, essentially pure, m 
amount corresponding with a rate of production of 163 cu. mm. per gram 
of radium per year. This is in very close agreement with the calcu- 
lated rate (158 cu. mm.). Other experiments not described showed 
that helium is produced from polonium. 


The Accumulation of Helium in Geological Time. III. 
Robert J, Strutt (Proc. Roy. Soc., 1910, A, 83, 29t> 30 . , 

this vol., ii, 9).— The ratio of helium to uranium and thorium has been 
determined for zircons extracted from fourteen rocks ianging r 
Tertiary to Archean. Minerals like zircon and sp ene con ain 
dreds of times as much helium as the average of t e loe 
they are constituents, and accordingly the whole of 
heliuui may be regardod as having been generated since i 
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tion of the rock and the separation of the mineral. The zircons were 
decomposed by fusion with borax in a platinum boat in a quartz tube 
filled with oxygen. The oxygen waB. removed from the extracted gas 
by phosphorus, leaving the helium, ' Each unit in the helium ratio 
(c,c. per gram of “total equivalent uranium oxide," 1 gram of thovia 
being reckoned equivalent in helium producing power to 0203 
of uranium oxide) is provisionally taken to indicate a period of eleven 
million years. The helium ratio of zircon stands in very close r-eUtion 
to the geological age of the specimen. For four specimens of the 
tertiary rocks the ratio is below unity, whilst for four specimens of 
paleozoic rocks the ratio is between 13 and 29. The oldest specimen 
from the archsean rocks of Canada has a helium ratio 56-6. These 
ratios fix the minimum values of the geological age, but in spite of 
the enormous lengths of time indicated it may be that the whole of 
the helium generated is not retained. The fraction retained, depend- 
ing on the structure of the zircon, must be supposed, however, to he 
fairly definite, and similar for all. F. S. 

Rat© of Evolution of Heat by Pitchblende. Horace H. Poole 
(Phil. Mag., 1910, [vi], 19, 314 — 326). — About half a kilogram of 
carefully dried powdered Joaehimsthal pitchblende, containing 
64% of uranium, wAs placed in a spherical Dewar vessel surrounded 
with ice, and, when a steady thermal state had been attained, the 
constant difference of temperature between the under-surface layer of 
the pitchblende at the bottom of the vessel and the ice outside was 
determined by means of thermocouples. The heat evolved per hour 
by the pitchblende was reckoned as the product of this constant 
difference and the thermal conductance of the calorimeter. The last, 
which was separately determined with water in the calorimeter, is the 
number of calories escaping from the calorimeter per hour when the 
inside is 1° hotter than the outside. To avoid chemical action, of 
which indications were obtained in the preliminary experiments in air, 
the#calorimeter was filled with carefully dried nitrogen. The conclusion 
is drawn that 1 gram of the pitchblende evolved 6T x 10 -5 calories 
per hour as a mean value of three experiments, the separate results 
being 7T, 5-45, and 5'85 ( x 10“ 6 ). The value is surprisingly high, the 
value calculated, presumably from the kinetic energy of the various 
aspartic les expelled, being only about 4 4 x 10~ & for the sample of 
pitchblende employed, 

The Emission of Positive Rays from Heated Phosphorus 
Compounds. Frank Horton ( Proc . Camb. Phil. Soc., 1909, 15, 
329).— The object of the experiments was to test whether the large 
positive ionisation produced by heated phosphates, notably aluminium 
pboephaJbe, observed by Sir J. J. Thomson had any connexion with 
the “aflode rays M of Gehrckeand Keichenbeim (Abstr., 1908, ii, 343). 
The latter found most suitable the halide salts of the alkali and 
alkaline-earth metals, whereas the positive ionisation produced from 
these when heated is not nearly as great as from the phosphates. The 
salt, mixed with graphite to make it conduct, and sometimes with silver 
chloride to fuse the mass together, was rammed into a quartz tube and 
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Strongly heated. The prepared tube was then mounted as anode with 
another electrode as cathode m an exhausted flask, and a discharge 
from a large coil passed. No “anode-rays” of the kind obtained 
from the halides of tae alkali metals were obtained from the phos- 
phates, but calcium phosphide and silver chloride did give such rays, 
the spectrum, of their light, showing the calcium and silver lines 
respectively. There is probably no connexion between the two 
phenomena in question. The experiments support Gehrcke and 
Beiehenheim’s conclusions that the ‘‘anode rays” owe their origin to 
the electrolytic decomposition of the salt and expulsion of the metal 
from the anode into the vacuum. jr 


Electrical Conductivity and Constitution of Dissolved Sub- 
stances. S. W. Serkoff (J. Runs. Phys. Chem. Soc., 1910, 42, 
1—14 [Physical Part]. Compare Abstr., 1909, ii, 372).— According 
to the solvate theory (compare Jones, Abstr., 1909, ii, 221), a 
compound like lithium nitrate containing the ion Li, which undergoes 
intense hydration, should exhibit a well-marked maximum conductivity 
in mixtures of acetone with an alcohol, whilst potassium iodide should 
show no trace of a maximum conductivity. The author’s conductivity 
curves are not in agreement with these conclusions. It is found, 
indeed, that potassium, sodium, and lithium iodides, which differ 
considerably in the extent of hydration which they undergo, show no 
nfissiimim conductivity, whilst lithium bromide exhibits a maximum 
whibh is not very clearly marked, and lithium chloride a distinct 
maximum. Neither is there any parallelism observable between the 
sharpness of this maximum and the magnitude of ft ^ calculated by the 
ordinary method of extrapolation. Thus, for lithium chloride, 
prQ — 63, for lithium iodide ft# =1810, and for lithium bromide, 
^=144. The influence of the formation of complex compounds on 
the molecular conductivity is discussed, and it is found that all the 
abnormal conductivity curves, corrected for the formation of complex 
compounds, exhibit characters determined by the corresponding fluidity 
curves. ^ 


Electrical Conductivity of Soap Solutions, James W. McBain 
and Millicent Taylor (Ber., 1910, 43, 321— 322).— A preliminary 
account of measurements of the conductivity of solutions of sodium 
palmitate. The measurements were made in silver vessels, with the 
following results : 


Dilution in litres 

Mol. conductivity in mhos... 


1 

64-82 


7113 


77'42 77*47 


10 

78-77 


20 

86-04 


100 

135*3 


The results are compared with the conductivities of solutions of 
sodium hydroxide and sodium acetate, and show that the norma soaps 
do not exist as colloids in concentrated solution. 


Diminution of Conductivity by Colloids and Observations 
relating to the Conductivity of Serum. Walter Frei (Zeitsch. 
Chem. Ind. Kolloide , 1910, 0, 94-103). -The influence of serum- 
albumin, serum-globulin, gelatin, and saponin on t e e ec rica 
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conductivity of a 0'5iV-solution of sodium hydroxide at 37° has been 
examined. For 1% solutions of the four colloids, the conductivity i§ 
diminished to the extent of 7 5, 6 ‘6, 5 ‘5, and 5*6% respectively, 
specific influence of a given colloid varies somewhat with the concen- 
tration. When the conductivity is plotted as a function of the con- 
centration of the colloid, curves are obtained which are slightly convex 
towards the origin. 

It is shown that the observed effects are in part due to phenomena 
of swelling and adsorption, which cause alterations iu the concentration 
of the dissolved ions. In addition, the conductivity is diminished 
in consequence of a reduction of the cross-sectional area of the electro- 
lytic solution by the colloidal particles, and also of the increase in the 
viscosity. 

The simultaneous changes observed in the conductivity, freezing, 
point depression, viscosity, and density on dilutiou of solutions of 
serum are interpreted on the basis of the above considerations. 

H. M. D. 

Dielectric Cohesion of Neon. Edmond Bouty (Compt. rend., 
1910, 150, 149—150. Compare Abstr., 1904, ii, 309, 604). — The 
author has shown previously that the dielectric cohesions of the 
monatomic gases, helium, argoD, and mercury vapour, are considerably 
less than those of polyatomic gases of comparable molecular weight. 
The dielectric cohesion of neon, obtained by fractionation of a ga?-i‘^u$ 
mixture of neon, helium, and traces of air, is found to be 7 6, that 
of air being 435, It is considerably less than that of helium (18 3), 
although its value would be expected to lie between those of helium 
and argon. This is in agreement with the fact that Mendeleeff, in 
his last periodic table, places neon in a separate group from the other 
rare gases. 

Attention is called to luminous effects observed when the pressure 
on neon is diminished by means of a mercury pump. T. 8. P. 

Thermodynamics of Standard Cells. Ernst Cohen and 
Hugo R. Kbuyt (Chem. Weekblad , 1910, 7, 69 — 78). — A criticism of 
Kulett’s calculation of the chemical energy of the Weston standard 
cell (Trans. Arner. Electrochem, Soc. f 1909, 15, 435). A. J. W. 

Electrochemical Equivalent of Silver. P. Laporte and P. de 
la Gokce (Compt. rend., 1910, 150, 273— 280).— Improvwnents 
introduced into the purification of silver nitrate have brought the 
authors’ earlier results into better agreement with those obtained at 
the National Physical Laboratory and elsewhere. Crystallisation of 
the salt between 30° and 40°, under reduced pressure and in the absent* 
of air, gave, as a mean of eight experiments, l*1182i mg. pel 
Coulomb as the electrochemical equivalent of silver. As a mean 
between this and other results, the authors adopt 1*11829 mg. ^ 
correct. It is important that the air to which the solutions ot siwi 
nitrate are exposed should be free from impurities. In one J*? 6 "' 
ment in which tobacco smoke was present, a high result was obtain 
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Correction for the Method of Determining Galvanic En- 
nobling of Metals. Charles M. van Deventer and H J van 
Lummel (Zeitsch. pkystkal CW,1910, 71, 117 — 127).— In connexion 
with the experiments on the galvanic ennobling of metals already 
described (compare Abstr., 1908, ii, 12, 558 ; 1909, ii, 958), it h as been 
found necessary to apply a correction for the alteration of the surfaces 
of the metals during the experiment. This has been done by com parmcr 
the potentials of the two metals in acid before and after the “ en- 
nobling” experiment. The application of this correction does not 
greatly alter the results already given. Thus as regards cadmium, 
lead, tin, nickel, and amalgamated zinc, one elec f rode can be ennobled 
with regard to another of the same metal, and for the following pairs 
of metals, zinc-cadmium, tin-lead, zinc-tin, cadmium-tin, and lead- 
nickel, the first metal can readily be ennobled with reference to the 
other. G. S. 


Electrolysis of Molten Salts. Richard Lorenz (Festschrift Otto 
Wallach, 1909, 513 — 539).— An account is given of the chief results 
obtained in recent investigations on the electrolysis of molten salts. 
The possibility of explaining the observed facts in terms of the theory 
of electrolytic dissociation is discussed. H. M. D. 

Magnetisable Alloys of Manganese. Friedrich Heusler 
{Festschrift Otto Wallach , 1909, 467 — 477. Compare Abstr., 1909, ii, 
541), — Polemical against Wedekind. A summary is given of the 
chief results of work already published in connexion With the 
magnetic pioperlies of manganese cooper-aluminium alloys. 

H. M.D. 


Magnetic Measurements of Platinum Metals and of Mono- 
clinic Crystals, in Particular of Iron, Cobalt, and Nickel 
Salts. Wilhelm Ejnke {Ann. Physik, 1910, [iv], 31, 149—168). ■ 
Measurements have been made of the magnetic susceptibility of 
platinum, palladium, iridium, and rhodium, and also of ferrous 
sulphate, nickel sulphate, eobalt sulphate, ferrous ammonium sulphate, 
nickel ammonium sulphate, cobalt ammonium sulphate, cobalt potass- 
ium sulphate, cobalt copper sulphate, epidote, augite, hornblende, 
aduUria, and sucrose. 

For the isotropic metals, the susceptibilities are : P latl " u “» 
+ 22-6 x 10" 6 ; palladium, 4- 66*26x 10'*; iridium, +4*89x10 ; 

rhodium, + 12*58 x 10'°. In the case of the monoclinic crystals no 
connexion could be traced between the position of the magnetic axes 
on the one hand and that of the optic and di-electric ° n the 
other. H * U 


UBe of the Magnetic Field as a means of Determining 
Constitution in Organic Chemistry. IV. I* 1 "’!. •„ J' ’ 

So, c him., 1910, [iv], 7, 45-51. Compare Abstr.. 1509, », 

859, and this vol., ii, 100).-In this paper the anomalous magnetu. 
susceptibilities shown by halogenated and cyan.) compoun » 
siderod, and it is shown that the apparent tlepai ure i 
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additive character of this constant is due in the case of haloid deriv 
atives to (1) -mutual action of a hydrogen and a halogen atom, and 
(2) mutual action of halogen atoms, and in the case of cyano-dem 
atives to the acid character conferred by the cyano-group, 

In the case of simple alkyl haloids, the diamagnetic deficit for the 
whole molecule amounts to about 32 x 10 -7 for monochloro-derivatives 
and to 42 5 x 10” 7 for monobromo- and monoiodo-compound«. p 0I? 
symmetrical dichlorides, it is about 45 x 10“ 7 , and for dibromides about 
60 x 10~ 7 . Where the two chlorine atoms are attached to the same 
carbon atom, the deficit is about 67 x 10~ 7 in open-chain compounds 
but it is less where the cafbon is attached to a benzene nucleus thus 
for CHPhCl 2 it is 42-5 x 10“ 7 . # 

In cyano-compounds the diamagnetic excess is about 45 x 10~ T for 
benzonitrile, phenylacetonitrile, or ethyl cyanoacetate, and is of about 
the same order as in the mineral acids. T. A. H. 

Conduction of Heat through Rarefied GaseB. Frederick 
Soddy and Arthur J. Berry ( Proc . Roy. Soc 1910, A, 83, 254—264) 
— -The heat dissipated from a bright platinum strip maintained by a 
current at 61° in various gases has been measured by an electric 
method at various pressures down to a thermally perfect vacuum. The 
process of producing high vacua by means of tbo vapour of calcium 
was employed. At pressures such that the actual path of the gas 
molecule is comparable with its mean free path, the heat dissipated is 
proportional to the pressure of the gas, The conductivity under these 
conditions bears no relation to the ordinary conductivity at higher 
pressures, where the conductivity is independent of pressure. The 
conductivity of acetylene, methane, and cyanogen slightly exceeds that 
of hydrogen, whilst helium conducts but slightly better than carbon 
dioxide. In the table, the second column represents the ordinary com 
ductivity of the gases as expressed by the watts dissipated by a 
definite portion of the strip at pressures above which t-he conductivity 
does not further increase with pressure. The third column ( K ) 
indicates the found values of the conductivity at low pressure, 
expressed as the calories ( x 10“ 5 ) dissipated per cm. 2 of surface, 
per 0*01 mm. pressure per 1° difference of temperature. The fourth 
column (Q) is the value for this conductivity calculated from the 
kinetic theory on the assumption that the heat interchange at impact 
is perfect. The last column shows the ratio of K to Q. 



Watts. 

K. 

£ 

m 

Argon..,. 

1-07 

1-30 

1-20 

1-09 

Neon 

•2 35 

1 76 

170 

104 

Carbon- dioxide 

0 95 

1-59 

2-64 

072 

Oxygen 

1-55 

1 91 

2 23 

0-85 

Heiiuai 

7-30 

1 94 

• 3-80 

0*51 

Carbon monoxide 

1*37 

1-96 

2-38 

0’82 

Nitroug oxide 

0-97 

211 

275 

077 

Nitrogen 

1 ‘44 

2-21 

2'35 

0 '94 

Hydrogen 

875 

2-29 

8-95 

0*25 

Cyanogen 

0-97 

2*35 

— 

— 

Methane 

2-81 

270 

3-95 

0*6S 

Acetylene 

1 '24 

2-75 

3‘82 

072 
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The results indicate a method of otfeiniag information concerni,,,. 
the nature of the single impact of a molecule on a .surface The S 
Change of energy appears perfect for the denser monatomic «ais but 
for the more rapidly moving molecules of helium and hydrogen this is 
far from the case. In such cases at low temperatures, or forVdrocen 
if a palladium instead of a platinum surface were used, the S 
ductivity ought to be increased, owing to more perfect interchange of 

energy on impact. F * g 


Heat Capacity of Certain Metals and Compounds of 
Metals. Hermann Schimpff ( Zeitsc.h . physikal. Ghent. 1910 71 
257 — 299). The specific heats of fifteen metals and twenty-nine binary 
compounds of metals have been determined by the method of mixtures 
for the three temperature internals 17 to 100°, 17 to - 79° and 17 to 
- 190°. As the metallic compounds were mainly prepared in the course 
of the investigations on alloys by Tammann and his pupils, they may be 
regarded as of well-defined composition. From the results the mean 
specific heats at +50°, 0°, -50°, -100°, and -150° are Calculated, 
and are given in tabular form. The limit of experimental error is 
about \%. 

The mean specific heats of the metals for the three temperaturo 
intervals 17 to 100 , 17 to —79°, and 17 to — 190° are as follows: 
Magnesium, 0*2475, 0*2284, 0*2046 ; aluminium, 0*2175, 0*1976, 
0*1696; silicon, 0*1753, 0*1470, 0*1166 ; chromium, 0*110*2, 0 0980* 
0*0805 ; iron, 0*1098 (17 to 100° only) ; nickel, 0*1088, 0*0974, 0*0830 : 
cobalt, 0*1030, 0*0942, 0 0818; copper, 0 0925, 0 0880, 0 0786; zioc, 
0*0934, 0*0886, 0*0819 ; silver, 0*0560, 0*0544, 0 0506; tin, 0*0556, 
0*0521, 0*0488; antimony, 0*0503, 0*0482, 0*0450; gold, 0*0310, 
0*0297, 0*0283 ; platinum, 0*0310, 0*0292, 0*0286; bismuth, 0*0303, 
0*0285, 0 0275, The results are compared in detail with those of 
previous observers, and in the majority of cases the agreement is 
satisfactory. 

For about half the compounds, the specific heats are equal to the 
sum of the specific heats of the component metals with a maximum 
deviation of 2% ; in the other cases the deviations from Kopp's rule 
are, in general, within 4%. It is remarkable that in all cases the 
observed specific heats of the magnesium compands are smaller, and 
in most cases those of the antimony compounds greater, than the 
values calculated according to Kopp’s rule, 

A formula with three constants is suggested to represent the 
variation oF the specific heats with the temperature between + 50° and 
- 150°, and the respective constants for each metal and compound aro 
calculated from the above observations. In all cases the specific heat 
increases with the temperature, but, except for bismuth and lead, the 
magnitude of the temperature-coefficient diminishes as the temperature 
rises, The observations afford no definite information as to the 
variation of the specific heats above +50° and below -150°. 

As regards the atomic heats of the free metals, the average values, 
excluding silicon, are 4 56, 5*13, 5*60, 5*93, and 6*13 at - 150°, - 100 , 
- 60°, 0°, and 50°, and the mean values for the metals in combination 
are 4*24, 4*89, 5*40, 5*75, 5*95 at the same temperatures. G. & 
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Specific Heat of Metallic Alloys. Alexis V. Saposiinik- 
(/. Rush. Pkys . Chem. Soc 1909, 41, 1708— 1711).— In order 
Regnault’s law, according to which the specific heat of an 
equal to the mean arithmetic specific heat of its components 
Chim. Pkys., 1841, [iii], 1, 129), the author has determined the snecif 
heats at 15 — 100° of alloys of various compositions of (1) 
and cadmium, which form neither compounds cor solid solutions - m 
lead and tin, which do not give compounds and only form mill 
solutions of low concentrations ; (3) bismuth and antimony, which 
form an uninterrupted series of solid solutions ; and (4} zinc and 
antimony, which form the two compounds SbZn and Sb 2 Zn 3 , j n 
cases, Regnault’s law is continued within the limits of experimental 
error, so that the specific heat of an alloy is an additive property. 

T. IU>. 

Melting-Point Determinations at Low Temperatures. \{ 

Stoltzenberg { Chem . Zeit. y 1910, 34, 66 — 67). — The author describes 
a modification of his melting-point apparatus for low temperatures 
(this vol., ii, 17). The tube into which the thermometer dips is 
double walled, the space between the walls being evacuated. 

T. S. P. 

Measurement of the Heats of Liquefaction of Acetic 
Acid, Benzene, and Nitrobenzene. Julius Mevek (Festschrift 
Otto W attach y 1909, 540—568). — The author has measured the thermal 
and volume changes which accompany the liquefaction of benzene 
nitrobenzene, and acetic acid. Both series of measurements were 
made with apparatus resembling the Bunsen ice calorimeter. The 
mean values obtained for the heats of liquefaction are benzene 30*39, 
nitrobenzene 22*53, acetic acid 45*96 cal. From these data and the 
observed melting points (5*44°, 5*82°, and 16*54°), the respective mole- 
cular freezing-point lowerings are found to be 5 059, 6*849, and 3 621. 

The increments of volume on liquefaction of one gram of substance 
amount to 0*1333, 0 0808, and 0*1578 c.c, respectively. Fromthe.se 
data the influence of pressure on the melting point is calculated. The 
rise of temperature per atmosphere pressure amounts to 0*0295° 
0*0242°, and 0 0241° for benzeue, nitrobenzene, and acetic acid respec- 
tively, and in all cases these values are found to be in satisfactory 
agreement with the experimental <1 terminations. H. M. D. 

Cbloroacetic Acid as a Cryoscopic Solvent. Ekisio Mameli 
(6 ’azzelta, 1909, 39, ii, 579 — 586). — Of the various modifications of 
cbloroacetic acid, only the most stable or a form gives good results as 
a cryoscopic solvent (compare Tanatar, Abstr., 1893, i, 624 ; Hulett, 
Abstr., 1899, ii, 468). The mean of the results obtained with xylene, 
w-cresofc, safrole, and acetic acid in concentrations not greater than 3% 
gives the value 52 for the cryoscopic constant of cbloroacetic acid, the 
number calculated by means of van’t Hoff’s formula being 54*19. 
Neither the a- nor /^-modification of cbloroacetic acid forms solid 
solutions with acetic acid, both giving norma! molecular weight? in 
this solvent 



GENERAL AND PHYSICAL CHEMISTRY. [[ 18 g 

The molecular weight of water in freezing chloroacetic acid is 
slightly above the normal value at low concentrations, and about 1*5 
times the calculated value for a 12% solution. With phosphoryl 
chloride the molecular weight is less than the normal at low concen- 
trations and increases with the concentration, the calculated value 
being passed at about 1*3%. 

With aniline, pyridine, and quinoline, chloroacetic acid behaves as a 
slightly dissociating solvent, the molecular 
weights being somewhat lower than the normal cj. 

values, even for very dilute solutions, and 
decreasing gradully as the concentration (f 1 fl 

increases. . T. H. P. 

i tr i a 

A New Fractionating Column, Alfred j j 

Hahn (Ber. f 1910, 43, 419— 423). — The princi- t L . J 

pie of the column is that the vapour from the #jr 

boiling liquid passes through a space which S Ji 

is kept at a constant temperature, but, never- / if 

theless, can absorb heat readily. The details j t j j 
of the apparatus will be readily understood V J J 

from the diagram. The constant tempera- 
turein the narrow space, a, through which the ^ 

vapour of the boiling liquid passes, is main- ^ 

tained by the boiling liquid in b. This latter 
liquid must be choseu to give a suitable 
temperature, and its boiling point may be 
altered by connecting k with a water pump ; 
y is a condenser for the liquid boiling in 6. \ / 

With this apparatus the distillate from a » i 

45% alcohol consisted of 96% alcohol, the 
liquid in b being at 76° \ other fraction- 
ating columns gave a 92 — 93% distillate. Mixtures of ether and 
alcohol, methyl and ethyl alcohols, and of methyl ethyl ketone (b. p. 
81°) and diacetyl (b. p. 87°) were satisfactorily separated. 

The apparatus possesses the great advantage that it does not require 
continual watching. 1. S. P. 


An Apparatus for the Measurement of the Vapour Pres- 
sures of Dilute Aqueous Solutions. Rudolf Maier (Ann. Physik , 
1910, [iv], 31, 423— 435) —An apparatus has been devised by means 
of which the small differences between the vapour pressures of water 
and dilute aqueous solutions can be measured with considers e 
accuracy. The arrangement is such that absolute measurements of 
small vapour pressures can also be made. 

The mercury manometer consists of a U-shaped tube, suppor e 
firmly on a stand provided with levelling screws. A fine platinum- 
indium point is supported in each arm of the tube, and contact of 
these with the mercury is indicated electrically. Each of the support 
to which the platinium-iridium needles are attached, is capa e o 
vertical movement, the amount of which is measured by means ot a 
micrometer screw. 
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Another essential feature of tbe apparatus is the special arrange 
ment adopted for ensuring that the two liquids shall have the same 
temperature. This consists of a double vessel, the inner and outer 
parts of which are connected with tubes leading to the manometer by 
carefully ground glass joints. The inner vessel, in which the water 
is placed, is of platinum, which facilitates the attainment of thermal 
equilibrium between its contents and the solution which surrounds it. 

The data obtained in experiments with solutions of sucrose in water 
at 0° are recorded. The vapour-pressure differences thus found are in 
gopd agreement with those calculated from Raoult'a vapour-pressure 
equation. H. M. D. 

Partial Pressures of Liquid Mixtures. William E. Stoey 
(Zeitsch. physikal. CJwni., 1909,71, 129 — 151). A mathematical paper, 
The Duhem-Margules equation, which refers to the vapour pressures 
of the components of a binary mixture, has been extended to mixtures 
with any number of components, and a general solution of the equation 
is given. It is shown that Raoult’s law can be deduced directly from 
the Duhem-Margules formula, and that the latter formula is based ou 
no other assumptions than those comprised in Raoult’s law. The 
series containing the solution of the equation are more convergent 
than those hitherto used. The methods of deducing the coefficients of 
the formulae from the experimental data are discussed in detail. 

G.S. 

Binary Mixtures and Concentrated Solutions. II, Friedrich 
Dolezalek ( Z&iisch . pkysikal. Chem., 1910, 71, 191 — 213. Compare 
Abstr., 1909, ii, 22 ; Bein, ibid., 471 ; Moller, ibid., 981).—' The theory 
of the vapour-pressure of binary mixtures described in the previous paper 
is illustrated by further examples, and is extended to other properties 
of these mixtures. 

From the total vapour-pressure curve of mixtures of ethyl ether 
and chloroform, as determined by Guthrie (Abstr., 1885, 339), the 
partial vapour-pressure curves of the components are deduced, and it is 
shown that the components enter into combination in molecular propor- 
tions. At 19°, when the components are present in equimolar propor- 
tions, the mixture contains 24 mol. % of the compound. The view 
that a compound containing one molecule of each of the components 
is formed is further supported by the fact that the heat of admixture, 
and tbe contraction on mixing, both attain a maximum value when 
• the components are present in equivalent proportions. 

Similarly, from the determination by lnglis (Abstr., 1906, ii, 332) 
of the partial pressures of nitrogen and oxygen above mixtures of 
the liquefied gases, it is shown that liquid nitrogen is non-associated 
and liquid oxygen associated. At 74’7° abs., in a mixture of liquefied 
oxygen and nitrogen in molar proportions, there is about 1 mo. i 
for every 7 mols, Oj, and in pure oxygen 1 mol. 0 4 for 3*03 mols. 0 2 . 
At 79-07° there is 1 mol. 0 4 for 4*53 mols. O s , and above 86° ab& 

oxygen exists only as simple molecules. 

The application of tbe theory to the solubility of a gas in a iq ul ; 
on tho assumption that the system is a highly concentrated solution o 
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the liquid «\ the lic l uefie £ d gas, leads to the expression : »/»,=„ whcra „ 
is C” of ^ g^> /nd \p 0 i 8 the vapour press™ 0 f the 

hquefied gas (in the ummolecular form) at the same temperature 
Hence, if the same gas is d.ssolred at the same pressure and temper 
ature in different liquids, p and p,„ and, therefore, q, have the same 
values throughout ; the solubility 0 f a gas, expressed as a true 
molar fraction, should be the same for all chemically indifferent liquids 
This deduction is shown to be approximately valid for the solubility of 
carbon, dioxide in benzene, chlorobenzene, bromobenzene, and chloro 
form when for p 0 the corrected pressure p a + a/v\ in the sense of van 
der Waste, is used. The applicability of the method is limited by the 
fact that at the temperatures at which solubilities are usually measured 
the permanent gases are far above their respective critical temperatures! 

Further, the theory leads to the result that the ratio of the solu- 
bilities of two indifferent gases should be the same for different 
solvents, provided that the molecular weights of the solvents are not 
greatly affected by dissolving the gases in them. This law has already 
been discovered experimentally by Just (Abstr., 1901, ii, 439). 

The expansion of a liquid produced by dissolving a gas in it has 
also been calculated, and the observed and calculated values are in 
good agreement. Finally, the thermal phenomena observed on 
admixture of liquids are also satisfactorily represented by the 
theory. G. S. 


Experimental Determination and Thermodynamic Calcula- 
tion of the Vapour Pressures of Toluene, Naphthalene, and 
Benzene. Jonathan T. Barker {Zeitsck. pkysihd. Chem 1910, 71, 
235 — 253). — The vapour pressures of toluene through a wide range of 
temperature, of liquid and solid naphthalene, and of solid benzene 
have been determined by the dynamical method, a current of oxygen 
being saturated with the organic vapour, and the amount of the 
latter carried over determined by combustion. Various arrangements 
for securing saturation of the oxygen are described. The method 
proved satisfactory down to vapour pressures equal to 0*005 mm. 
of mercury. 

The vapour pressures of toluene, in mm. of mercury at 0°, are as 
follows: 0*0054 at - 78°, 161 at -21°, 16-8 at 14 8°, *28*75 at 25*8 ° ; 
of naphthalene, 0*064 at 20°, 0*164 at 30°, and 0*378 at 40°; and 
of benzene, 0*0180 at -77*5°. Data for these substances at other 
temperatures are already available. 

The object of the determinations was to test the vapour-pressure 
formula of Nernst : log p= -X Q /4‘571T+3-5/J2.lo^T~ eT/4 , 57l+O t 
where A 0 , and C are constants related in a definite way to the 
properties of the substance. The formula represents the experimental 
results satisfactorily. The calculated molecular heat of vaporisation 
of toluene at 111 0 is 7775 cal. as compared with the experimental 
values 7687 cal. (Schiff) and 8044 cal. (Campbell Brown). The 
latent heat of fusion of naphthalene (calculated) is 4435 cal. per mol., 
in good agreement with the experimental value. The calculated heat 
of vaporisation of solid ■ benzene* is 10,220 cal. per mol.; it has not 
been determined directly. The calculated heat of fusion of benzene, 
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1900 cal. per mol., does not agree very satisfactorily with the mean of 
the experimental values, 2326 cal. G. 8. 

Corresponding States. Kirstine Meyer nfa Rjrrrum {Zeiisch 
physikal . Chem,, 1910, 71, 325— 336).— In a previous paper (Abstr ‘ 
1900, ii, 263) it was pointed out that van der WaaV theory of 
corresponding states is not strictly applicable, but that a good agree- 
ment between theory and experiment is observed when for each 
substance a special minimum temperature and minimum volume is 
calculated, and different units of pressure, volume, and temperature are 
used. In this way a common vapour-pressure curve for twenty-five 
substances has been obtained with the ordinate y — (P c - P)jP e and 
abscissa x^(T c -T)jK, where K is a temperature constant and the 
other symbols have the usual significance. It is now shown, mainly 
by means of data due to Young, that octane, diisopropyl, diwobutyl, 
and hexamethylene, as well as chlorine and carbon dioxide, follow the 
law fairly accurately. 

In the former paper, T m i n was taken as zero for fl uorbenzene, and 
other substances were referred to this arbitrary value. In order 
to give K a more definite meaning, hydrogen is now chosen as 
reference substance, so that K represents the difference between the 
critical temperature of the substance T c and the lowest temperature, 
T vl in, at which the substance can exist in the gaseous condition, the 
assumption being made that this is true for hydrogen in the neighbour- 
hood of the absolute zero. On this basis it is shown, from the data of 
Ramsay, Travers, Olszewski, and others, that nitrogen and the gases 
of the argon series follow the law, and the values of * T m { n = T c - K are 
calculated for a large number of substances. 

When helium is chosen as the reference substance, for which 7 r ?nin is 
zero, Tmin for hydrogen becomes 7’9, but the values for T m { n calculated 
on this basis for other substances are too high, a result due to the 
uncertainty as to the critical temperature and other data for helium. 

G. S. 


Laws of Evaporation. Pierre Vaillant (Compt. rend., 1910, 
150, 213—216. Compare Abstr., J908, ii, 460 ; 1909, ii, 544).— The 
supposition has been advanced that the rate of evaporation of an 
aqueous solution depends solely on the rate of diffusion of aqueous 
vapour out of a layer of saturated air in the immediate neighbourhood 
of the surface. This is supported by the observation that when the 
solution is contained in a vessel with an opening of known area, the 
quantity of liquid evaporated per second ( Q ) is not proportional to 
the area of the opening, but is a function of S independent of the 
nature of the liquid. It has also been shown, that m the ca*e ot an 
incompletely filled, straight- walled vessel, the speed of evaporation . fe 
governed by the formula Q-aUF* % where M denotes the molecu 
weight of the liquid and F its vapour tension, whilst a is a cons 
almost independent of the nature of the liquid. Eighteen liquid, 
been studied, including water, carbon disulphide, hydrocarbons, ale* 
ethers, and organic halogen derivatives; the results are gneni 
tabular form. 
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Thermochemical Investigations of Organic Comnnn^. 
IV-VII. Sulphur, Halogen, and Unseated Oo^ounds 
w. SwnposiAWSKi [Sventoslavsky] (BuU. Acad. Sci. Cracow 190o' 
941--972. Compare Abstr., 1909, ii, 23, 213, 547)._The analysis 
of tliermocbemical data is extended to compounds containing sulphur 
and the halogens and to unsatu rated compounds. 

From the data for inercaptans and sulphides, the conclusion is drawn 
that the heat of formation of the linking C-S is greater in’ the 
sulphides than in the corresponding mercaptans. This result is 
the same as that found in the case of ethers and the corresponding 
alcohols. b 

Although the data for halogen compounds have not been accurately 
determined, the numbers obtained by different observers exhibiting 
considerable divergence, the heats of formation of the linkings C-cT, 
C-Br, and C-I appear to be regulated by the same laws as those which 
govern the heat quantities associated with the linkings between carbon 
and other univalent groups. 

From the data for unsaturated compounds, the conclusion is drawn 
that the minimum value of the heat of formation of the linking C-C is 
about 18'0 Cal. 

By means of the equations which express the tkermochernical values 
of the linkings between carbon and other elements and between 
hydrogen and other elements, the heat changes corresponding with 
the equation (C— X) + (H-Y) = (C-Y ) + (H-X) are calculated, X and Y 
representing any of the elements: carbon, hydrogen, oxygon, nitrogen, 
sulphur, chlorine,* bromine, and iodine. H. M. D. 


Andrews’ Measurements of the Compression of Carbon 
Dioxide and of Mixtures of Carbon Dioxide and Nitrogen. 
C. G. Knott ( Proc . Roy. Soc . Edin., 1909, 30, 1 — 22). — The data 
obtained by Andrews in his classical experiments on the com- 
pressibility of carbon dioxide are tabulated in compact form. Similar 
data are also recorded for mixtures containing nitrogen and carbon 
dioxide in the volume ratios 1 : 3 '43 and 1 : 6'2. These data have 
been collected partly from the memoirs published in 1869, 1876, and 
1886, and partly from note-books left by Andrews. H. M. D. 

Dependence of the Cubic Compressibility of Potassium and 
Sodium on the Temperature. Ludwig Protz (Ann. Pkysik , 1910, 
[iv], 31, 127— 148).-— By means of thermodynamic reasoning it can be 
shown that the difference between the specific heats of a substance at 
constant pressure and at constant volume is dependent on the com- 
pressibility of the substance. With the object of obtaining information 
in regard to the variation of this difference with the temperature, the 
author has measured the compressibility of potassium and sodium at 
different temperatures. . . 

Tlie piezometric arrangement used in the experiments was similar to 
that described by Rontgeu and Schneider. Measurements of the com- 
pressibility of water and petroleum were made in the first instance, 
the data tor water being utilised in the calibration of the apparatus, 

14 — 2 
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and those for petroleum iq connexion with the compressibility of the 
solid metals. . The experimental results show that the compressibility 
of potassium* ^ddium, and petroleum increases with the temperature 
according to a linear equation. JFrom this it follows that the difference 
between the two specific heats increases with the temperature in the 
case of the two alkali metals. .... 

In the case of water, a minimum compressibility is found at 
about 60°. H. M.l). 


Condeneation of Water by Electrolytes. Frank K. Camerok 
and William 0. Robinson (/. Physical Chem., 1910, 14, 1 — 1 1). — The 
densities of solutions of certain acids, bases, and salts, in con- 
centrations varying from N/10 to Nj 200, have been carefully determined 
at 25° by a pyknometer method, and from the results the amount of 
water “ condensed ” by a mol. of each electrolyte has been calculated 
on the assumption that the latter retains its volume in the anhydrous 
form unchanged in solution. The results do not show any very 
definite regularities. Substances which show large heats of solution 
or have a tendency to crystallise with water of crystallisation have 
relatively high condensing power. The specific condensing power 
usually diminishes with increased concentration, but for hydrochloric 
and nitric acids the condensation increases at first with the coneen- 
' tration, attains a maximum in approximately 1% solution, and beyond 
that point diminishes. The results of previous observers on this 
subject are summarised, ^ &• 

A Method of Determining the Viscosity of Gases, especially 
those available only in Small Quantities. A. 0. Bankine (Pm. 
Roy Soc. % 1910, A, 83, 265— 276).— The apparatus, which has been 
designed for measurements of viscosity with small quantities of gm. 
consists of two parallel tubes connected at both ends. One of the 
tubes consists of a very fine capillary, the other being of much greater 
cross-sectional aim, yet sufficiently narrow for a pellet of mercury to 
remain intact inside it. Taps are provided above and below for the 
purpose of cleaning the tubes and filling the apparatus with gas. The 
rate of fall of the mercury pellet in the wider tube is determined by 
the viscosity of the gas which is forced through the capillary tube as 
the mercury descends. The formula from which the viscosity » 

. calculated is « = WF/rt/Sfe, in which R is the radius of the capillary 
tube, l its length, p the difference of pressure on the two sides d toe 
mercury, v the volume of gas forced through the capillary, and t tb 
time of fall On account of capillary attraction, the value of p is do 
proportional to the length of the pellet of mercury, but it is show 
thatthe capillary effect can be eliminated by using different leng 

The apparatus was used for determining the viscosity of dry ^ air at 
different temperatures. The absolute values at 11*2 , 15 5 , an 
are respectively 1^70, 1*803, and T8’28 x 10 . . f 0Q 

It is proposed to use the apparatus for the examma ^ 

xenon, ami krypton. For observations at high pressures, the met* 
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described is much simpler than those which have been previouslv 
used. On the other hand, it is not suitable for work at low pressures 

H. 31 D. * 


Torsional Elasticity and its Connection with Viscosity 
0. Faust and Gustav Tammann ( Zeitsch . physikal. Chem. t 1910 71 
51—58. Compare Lauer and Tammann, Abstr., 1908, ii, 667)— The 
elasticity measurements were made by the method already described 
(loc. dt.) ; the viscosity measurements were taken from available data 
and in a few cases were made by the usual time of flow method Data 
for twenty-five liquids are given. Tor liquids of high viscosity there 
was only one back movement after the impulse and then a slow move- 
ment to the null position ; for those of smaller viscosity unsymmetrical 
swinging about the null position ; both phenomena indicate the exist 
ence of torsional elasticity. For those with still less viscosity, the 
swinging was symmetrical about the null position, indicating absence 
of torsional elasticity. 

Viscosity and torsional elasticity are directly proportional. For all 
substances with a viscosity less than 4*3 xl0“ 2 , no torsional elasticity 
Was observed under the experimental conditions, but all substances 
with a viscosity greater than 8*6 x 10~ 2 showed the above property. 
The ratio of the single backward movement to the movement produced 
by the impulse increases with the viscosity, and' even exceeds unity for 
liquids of the highest viscosity. The magnitude of the viscosity at 
which. torsional elasticity becomes marked depends on the sensitiveness 
of the measuring* apparatus. 

The proportionality between viscosity and elasticity has also been 
shown by allowing certain liquids to cool slowly and determining the 
viscosity at which torsional elasticity can just be detected by a very 
sensitive method. In all cases it appears at approximately the same 
value of the viscosity. 

Certain viscous liquids become doubly refracting under stress, and 
it is shown from the data of previous observers that for castor oil the 
magnitude of the forced double refraction alters with the temperature 
proportionally to the viscosity. G. S. 


Absorption of Liquids by Porous Substances. J. H. Russen- 
bebger (Compt. rend.., 1910, 160 , 275 — 278 ).— The “absorptive 
power ” of a substance may be determined by suspending a thread of 
the material at odo end of a wire passing over a pulley. The thread 
dips in water, which rises to a height h, and a weight, p , is attached 
to the other end of the wire to secure equilibrium. The author 
develops the following expression to represent the absorptive power: 

X=- P - ** * . j** where S is the area of the cross section of the 

QS dt Q dt . , 

thread, Q the weight of absorbent material in unit-volume, and 
dhjdt denotes the speed at which the water rises. ^ It is found by 
experiment that for the same kind of material, X is approximately 
constant. 

By integration A 2 = iQXt + C. It is, thereto e, only necessary to 
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measure the height to which water, rises in a thread of cotton held 
between two glass plates, to have a measure of its absorptive power. 

W. 0. w. 


Three-phase Equilibrium (with a Pressure Minimum) of 
a Dissociating Compbund of Two Components. III. Gerard 

H. Leopold (Zeitsch. physical. Chem 1910, 71, 59 — 89. Compare 
Abstr., 1908, ii, 218, 472).— The complete equilibrium between aniline 

hydrochloride and its components has been investigated. 

The m. p. of aniline hydrochloride is 199 - 2 199*3°, and at this 

temperature it is only very slightly dissociated. The freezing-point 
curve of the system aniline-hydrogen chloride has been determined, 
and no evidence of the existence of a compound other than the above 
has been obtained. 

Within certain narrow limits, aniline hydrochloride and hydrogen 
chloride are not completely miscible ; the lowest temperature at which 
this occurs is 10*5°, the mixture containing 5*3 mol.% of aniline, and 
the highest temperature 5 1*1°, which is the critical temperature of the 
upper liquid layer and the vapour. This critical temperature is very 
slightly lower (015— 0*20°) than that of pure hydrogen chloride. 

The mixture of maximum boiling point at atmospheric pressure 
contains about 51 mol.% aniline. The b. p. of aniline hydrochloride 
itself cannot be determined in the ordinary way, as part of the hydrogen 
chloride at once escapes, and the constant boiling mixture it? obtained; 
the boiling point of the latter is 244*4°. The boiling-point curve of 
mixtures of the constant-boiling liquid and aniline has also been 

determined. . , , 

The boiling-point curve for a lower pressure has also been deduced 
by construction from the three phase curve and the meltiog-point 
curve ; in this case the maximum occurs in a mixture containing 
50*8 mol.% of aniline. 

The vapour-pressure curve of aniline hydrochloride has been 
determined. In this case the melting point occurs, as already 
mentioned, at 199*2°, and a vapour pressure of 19*4 cm., whilst 
the maximum sublimation point occurs at 198 aud a pressure 


of 16*2 cm. • *. 

Finally the three-phase curves have been determined for mixtures 
containing excess of aniline and of hydrogen chloride respectively in 
the liquid phase. In the curve of the former system there » * 
maximum at 175 ° aud 29'2 cm. pressure, arnla minimum at 19v »»» 
16 0 cm. pressure. The maximum for mixtures containing excess o 
hydrogen chloride could not lie measured directly, owing to ™ 
high pressure, but other parts of the curve have been determine^ 


Relation between Density and Degree of Dtssocia 
Aqueous Salt Solutione. S. Tebkschin (Ber.Geul. phyeM. t •, 
1910, 12, 50-53).— The author has shown previously (Ab»t i., y 
ii, 552) that the constant A, of Heydweiller s i formula ; (*'• 
phjsikal. Gen., 1903, 11 , 37) may be regarded as the sum of twt j - 
each belonging to one pf the ions and independent of the na 
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other ion. By means of Heydweiller’s further results (this vol 
ii, 106), the author shows that these density moduli are subject to 
certain laws. Thus, the moduli of the elementary ions increase 
proportionally to the atomic weight in the separate groups of the 
periodic system. The magnitude of the water envelope surrounding 
the ion is doubtless related closely to the density modulus (combare 
Kohlrausch, Abstr., 1902, ii, 489). Possibly the irregular position 
occupied by fluorine as regards its mobility and the temperature- 
coefficient of the latter, in comparison with the other members of the 
halogen group (Kohlrausch, loc. cit.), is to be attributed to the abnormal 
magnitude of its density modulus, which is considerably higher than 
it should be according to the straight line curve between the moduli 
and atomic weights. jj p 


Behaviour of Aqueous Solutions in Capillary Actions. 
Zdenko H. Skraup {Monatsh., 1909, 30, 773— 824).— The present 
communication contains the results of a large number of observations 
made with acids, dnses, and salts of the most varied character; it is 
not yet possible to make strictly accurate generalisations, although the 
statements made previously (Abstr., 1909, ii, 868) receive further 
support from the results of the extended inquiry. The following are 
the most striking results not published hitherto: (1) In equivalent 
and extremely dilute solutions, strong bases ascend higher than strong 
acids. (2) Phosphoric acid, although a relatively weak acid, does not 
ascend to the same height as the strongest acids. (3) In genoral, 
salts ascend much higher than the acids or bases, in equivalent 
solutions, of which they are formed ; in many cases the salt rises to 
practically the same height as the water, (4) Sucrose and antipyrine, 
in ail degrees of dilution, ascend to the same height as the water. 
(5) Colloidal ferric hydroxide, in strong solutions, appears to retard 
the ascent of water. 

Observations, similar to those made with filter paper, have been 
made with silk, wool, and plates of unglazed porcelain and plaster oi 
Paris. W. H. G. 


Diffusion and the Kinetic Theory of Solutions. J. Thovert 
(Compt. rend., 1910, 150, 270 — 272, Compare Abstr., 1903, ii, 13). 
— The relation between the molecular weight, M , and the diffusion 
coefficient, D , of a substance in solution has been represented by the 
formula D J M = (?, where C is a constant. For a large number of 
substances it has been shown that (7= 12x10 5 ^ it is now found, 
however, that in many cases G may have a much larger value. Com 
pounds of similar structure usually show the same value for C. An 
explanation, based on the kinetic theory, is put forward to account for 
these observations. 

Action of Membranes. Heinrich Beohhold and J. Ziegler 
{Ztitsch. Ghem. Ind. Kolloide, 1910, 6, 122-123).-The authors object 
to the view put forward by Liesegang respecting the nature oi 
precipitation membranes. In the case of the membrane w uc i 
formed when equimolecular solutions of sodium chloride and si vei 
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nitrate in gelatin are allowed to diffuse towards one another, a con- 
dition of statical equilibrium is set up. After the formation 0 f fch e 
membrane, no further reaction between the two substances can be 
observed, 1), 

|*lbj>erties of Solutions at their Critical Solution-Tempera- 
tures. A. N. SchCkabeff (Ztitaeh. physihil. Chm 1910, 
90—108. Compare ibid . , 1897, 23, 308).— It is shown that at the 
critical solution-temperature of two liquids many properties of the 

solutions follow very simple rules. . 

It has already been shown (loc. eit.) that the internal energy £ 0 f 
mixtures of pheDol and water at their critical solution-temperature 
can be represented as the sum of two factors, thus E=E w +<kEp hs 
where ^represents the internal energy of 1 mol. of water, E Pk that 
of 1 mol. of dissolved phenol, and n the number of mole, of pheool for 
1 mol. of water. It is now shown that the same rule holds for 
mixtures of acetylacetone and water, propionitrile and water, and 
resorcinol and benzene, but not for propionitrile -and an aqueous 
solution of sodium chloride. 

Further, the respective capillary coefficients (= ran , where the 
symbols have the usual significance) of mixtures of phenol and water 
and of acetylacetone and water are constants independent of the com- 
position of the solutions at the respective critical solution-temperatures. 
Similarly, the vapour pressure of certain pairs of liquids with an upper 
critical solution-temperature is independent of the composition within 
the limits of 20—80% at the temperature in question, and the vapour 
pressure of mixtures of nicotine and water is constant between 17 and 
82% nicotine at the lower critical solution-temperature. At the upper 
critical solution temperature, the vapour pressure of fche solutions is 
generally greater than that of the more volatile component. Finally, 
the expansion-coefficient of mixtures of acetylacetone and water is 
approximately constant between 15 and 79% of the former component 
in the neighbourhood of the critical solution-temperature. 

The influence of a number of compounds (acids, salts, and sugars) on 
the critical solution-temperature of a mixture of propionitrile and 
water has been determined, but there is no apparent connexion between 
the magnitude of the elevation and the nature of the third substance. 


• An Example of Solubility Influence. Walteb Hm(«. 
anon. Chm., 1910, 65, 341-344). -The solubility of succinic acid in 
water at 25° is 6 72 millimole, in 10 c.c. This value is much lowered 
by the addition of alkali salts, the lowering being approximately 
proportional to the concentration of the salt in the case of potMnrn 
chloride, bromide, and iodide, but .being greatest in small concentrations 
for sodinm and lithium chlorides. , , ., i, 

The reciprocal lowering of the solubility of sodium chlondejy 
succinic acid has also been measured. The formula given by Rothm»n 
and Wilsmore (Abstr., 1902, ii, 447) is not exactly confirmed, owing 

the high concentration of the solution. 

Jn the salts examined, the infiuence increases with dimiu B 
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electro-affinity of the metal, and also, although to a less extent, with 
increasing electro-affinity of the anion. C. H D 

Difference in the Speed of Dissolution of Sucrose Crystals 
a t their Different Faces. Gaston Gail la ed (Gompt. rend., 1910, 
150) 217- — 219). Observations have been made on sucrose* by 
immersing different faces of a crystal in water for a definite time. 
The area of the crystal face was measured, and the amount of dissolved 
solid determined polar! metrically. Results are given in tabular form, 
from which it appears that the speed of dissolution varies somewhat 
according to the face of the crystal undergoing attack by the solvent. 

W. 0. w. 

Crystallisation in Fused Masses, owing to the Liberation of 
Gas. Fritz Rinne (Jahrb. Min., 1909, ii, 129— 139).— By the 
evolution of a gaseous product, the composition of a fused mass may 
be so altered that crystallisation takes place without any fall in 
temperature. The conditions of equilibrium in such systems are 
illustrated by diagrams, and the example most fully worked out is the 
conversion of white cast-iron into wrought-iron by the puddling 
process. Samples of iron were taken at different stages of the process, 
the percentage of carbon determined, and sections of the metal 
examined under the microscope. As the carbon is burnt off, there is 
a crystallisation of martensite from the fluid metal. In the same 
way, crystallisation of silver or gold may take place during the 
cupeilation of silver-lead or gold-lead alloys, owing to the distillation 
or oxidation of the lead. In aqueous solutions of salts, a similar 
change in composition is effected by the evaporation of the solvent ; 
and in igneous magmas it is possible that crystallisation may also bo 
induced by an alteration in composition accompanying the liberation 
of volcanic gases. J. S. 

Spontaneous Crystallisation of Sugar. G. Fopquet (Compt. 
rend., 1910, 150, 280— 282).— Observations have been made on the 
temperature at which spontaneous crystallisation begins in super- 
saturated sugar solutions submitted to mechanical stirring. As a 
result, the author confirms the observations of Miers in the case of 
other substances, that the curve of supersaturation obtained by 
plotting concentration against the temperature at which crystallisation 
commences is approximately parallel to the cinve of so Joki l y. e 
addition of impurities does not appear to affect this parallehsim ^ 


Liquid Crystals and Avogadro’s Hypothesis. Otto Lehmann 
{Zeitlh. phyrikal. Chem , 1910, 71, 355-384~The paper consists 
largely of references to the author’s earlier wor T on lqui c J - 
The generally accepted view as to the nature of liquid 
incompatible with Avogadro’s hypothesis, and e au r, ’ 

considers that the hypothesis in question is not va . 
quences drawn from it as to the identity of molecular weight in 
different states of aggregation (including van er 
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continuity) cannot be upheld. The existence of a transition toinper- 
ature for enantiotropic modifications, and of mixed crystals of ,, ou . 
isomorphous modifications, are also ^regarded ^ as incompatible with 
Avogadro’s hypothesis. The assumption made in deducing Avogadro’s 
hypothesis from the principles of the kinetic theory, that the mass of 
a molecule is constant, is not applicable to gases and liquids where 
the molecules can readily combine and decompose. 

The views as to the nature of liquid crystals advocated in different 
editions of Nernst’s Theorethche Chemie are adversely criticised, and 
the author contends that his priority in reference to a number of 
discoveries referring more particularly to crystals has been disregarded 
by Nernst. 0. S. 

Self-purification of Liquid Crystals. Otto Lehmann {Physikal 
ZeitscL, 1910, 11, 44— 49) —Experiments are described which indicate 
that the formation of liquid crystals from isotropic liquids is 
accompanied by a purification process analogous to that which attends 
the separation of solid, crystalline aggregates from isotropic liquids. 
This can bo observed, for instance, when very finely divided and 
specifically light substances (such as spores of Lycoperdon) are added 
to p-azoxyanisole in the isotropic condition, and the temperature is 
then allowed to fall, so that the anisotropic form of the substance 
makes its appearance The observations indicate that, in general, 
colloidal solutions in crystalline liquids are not obtainable. This is 
regarded as another argument in favour of the author’s theory of the 
nature of liquid crystals, as against the emulsion theory. H. M. D. 


Emulsions. Wa. Ostwald (Zeitsch. Chem.' Ind. Kolloule, 1910,6, 

103 109), — In connexion with the technical impregnation of wood 

with coal-tar oils, the author has investigated the nature of the 
emulsions which are formed by oils with water. Since both the oil 
and the water can take the part of the disperse colloid, or of the 
dispersive medium, it is evident that there are two critical points 
which determine the limiting concentrations for disperse systems in 
which the respective substances play the part of dispersive medium. 
For mixtures of the two substances which fall between these limits, 
two kinds of emulsions can be obtained which have quite different 
propei ties. The character of the emulsion which is formed in any 
given case is shown to depend on the previous history of the substances. 
If the carefully cleaned interior surface of the vessel in which the 
emulsion is prepared has been previously covered with oil, the emul- 
sion obtained is of the one type ; if-previously covered with water, the 
second type of emulsion is obtained. The effect of a surface laytn 
of oil is apparently to destroy the colloidal disperse oil particles which 
may be formed on agitation, and, similarly, the effect ot a water 
surface is to nullify the tendency of the water to distribute vtse m 
the form of a disperse colloidally suspended phase. H- v ‘ 


Independent Components and Compounds. Kluolf to 

.. . mm (it ‘J17 A 


theoretic-! paper. 

The conditions are investigated under which, in a two-phiwj syfc teB1 » 


[ZxjUhcL physikal. C7«m., 1910,71, 337 — 354). A 
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a system made up of n elements behaves as a system of w - 1 substances. 
For a system made up of two elements, these conditions can only be 
fulfilled in one way, and the simple relation rjs^r^ holds and 
r being the amounts of heat taken up by the system, and resp. s. 2 the 
changes of volume which occur when unit mass of the first of the second 
component respectively is transferred at constant temperature and 
pressure from the first to the second phase), which is equivalent to the 
law of constant proportions for a binary compound which boils, fuses, 
or undergoes transition without decompodtiou. When n exceeds 2, 
the conditions may he fulfilled in different ways, but the preferable 
solution leads to an equation of the K&uie form as the above, which 
therefore applies to a binary system on addition of other elements 
provided that the compound behaves to these as a whole. G. S. 

Allotropy and Internal Equilibrium, Andreas Smits (Ckem, 
1 Vtekblady 1910, 7, 79— 83).— A theoretical paper. A. J. W. 


The Equilibrium Solid-Liquid-Gas in Binary Systems which 
Present Mixed Crystals. Hugo R. Kruyt ( Proc . K. Akad. W&t&nsch. 
Amsterdam t, 1909, 12, 537 — 545). — A theoretical paper in which the 
author discusses the various possible forms of the threc-phaso equili- 
brium curves for binary systems in which the two components are 
completely miscible in the solid state. H. M. I). 


Equilibria in Quaternary Systems. The System : Lithurn 
Sulphate-Ammonium Sulphate-Ferrous Sulphate and Water. 
Frans A. H. Sciireinemakers ( Zeitsch . physikal. Chm.-, 1910, 71, 
109—116). — The three ternary systems and the quaternary system 
have been investigated by solubility measurements at 30 rj in the usual 
way, and the results are represented in two ways on projected space 

diagrams. „ c 

The solid phases in the quaternary system are (jN±l 4 ) 2 i5G 4 , 
LLSCUIA FtS0 4 ,7H 2 0, Li^0 ( ,(NII 4 )^0 4 = D u , and 
24 Fe80 4 ,(NH 4 ) s S0 4) 6H,0-A*. . 

The results show that FeS0.,7H,0 can co-exist with Li,80 4 ,H 2 0 and 
D y „ but not with (NH 4 ),S0 4 and D u ; that Li^HjO can «««st 
with FeS0 4 ,7H,0, D n , and D u , but not with (» that 
(NH 4 ),S0 4 can co-exist with D F , and V u , hut not with the other two 
salts ; that D u can co-exist with all the other salts except DeS0 4 ,7H 2 0, 
and, finally, that D v , can co-exist with all the other solid salts 


Criteria for the Determination of the Sensitiveness of Pre- 
cipitation Reactions. Wilhelm Botigeu (Mnft OUoWdlati, 
1909, 282 — 300 ).— Experiments have been made to and 

smallest concentration at which potassium chloride tan.de, 
iodate can be detected by the formation of a vmble prmpiUte on the 
addition of silver nitrate. For this purpose, a dehmte yotoe of a 
solution containing a relatively large excess of axlvormtiate wasaddeh 
to measured volumes of that thf limiting 

016 x 10-5, 0-04 x 10 - 5 , and l x 10- mol. per litre. In the case ot 
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precipitation of silver chloride, the limiting concentration falls to 
0 04 x lO^ 5 mol. per litreHn presence of nitric acid. This increase i a 
sensitiveness is attributed to the formation of particles of larger size 
when nitric acid is present in the solution. On the other hand, there 
appears to be a limit to the increase in sensitiveness on this account 
for the silver iodate is precipitated in the form of well-defined, crystal! 
line particles of, relatively large size, and it is to this circumstance 
that the relative insensitiveness of the' visible reaction between iodate 
and silver nitrate appears to be due. 

It is shown that observations of the above nature can be utilised 
to determine approximately the solubility of slightly soluble substances, 
provided that these are not especially characterised by the ready 
formation of supersaturated solutions. H. M. D. 

Relationship between the Structure of the Aliphatic 
Alcohols and their Rate of Esterification. Arthur Michael 
(Ber., 1910, 43, 464—465. Compare Michael and Wolgast, Abstr., 
1909* ii, 873).— Polemical in reply to B. N. Menschutkin {ibid., 988), 
It is pointed out that the methods used by N. Menschutkin and by 
Michael and Wolgast are essentially different, ^nd the results are not 
comparable. J- 8. 

Modification of Dunstan and Short’s Extraction Apparatus. 
P, fi. I*. Perb6d£s ( Pharm . 1910, [iv], 30, 106). — In using this 

apparatus in its original form, the contents of the inner tube are liable 
to be carried into the outer tube of the extractor if the solvent is 
boiled vigorously. To avoid this, the author inserts a spiral spring of 
brass wire, provided with a suitable disk of wire gauze at the lower 
end, and a ring at the other. The lower end rests on the contents of 
the inner tube, and the other end against the cork with which the 
extractor is closed. The modified apparatus is figured in the original. 

T. AH. 

[Lecture] Experiments in Physical Chemistry. Ugo Grassi 
(iVuovo Cim 1909; [v], 18, ii, 408— 412). — The author-describes suitable 
apparatus for (1) measuring the catalytic action of hydrochloric acid 
on the reaction between menthone (or acetophenone) and phenyl- 
hydrazine ; (2) studying the law of mass action in the dissociation of 
nitrogen peroxide, and (3) measuring the lowering of solubility in 
water effected by a substance dissolved in ether, T. H, P. 


Inorganic Chemistry. 


Formulatioa and Nomenclature of Inorganic Compounds 
Max K. Horw&MO**. *«*., 1910. 34, 73-76) -A 
forward for the systematic formulation and nomenclature ot 
compounds. The following points are considered : (1) The sequcnc 
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of the elements and radicles in the various compounds. (2) The order 
in which the various oxidation stages of the same element should be 
placed in a formula. (3) The naming of numbers, for example, mono-, 
ji^ tri", cto* (^) The nomenclature of (a) individual elements, 
(b) anions, (c) alloys, (d) metalammiDes, (e) double salts. (5) Method 
of denoting the number of components in compound (double, triple, etc.) 
salts. (6) Nomenclature of (a) salts of condensed acids, (b) special 
groups of elements. (7) Method of writing long names. (8) Use of 
old names. (3) Method of denoting water of crystallisation, T. S. P. 

Chemical and Biological Effects of Ultra-violet Light. 
Maubicb Lombard ( Compt . rend., 1910, 150, 227—229. Compare 
Courmont, Abstr., 1909, ii, 753 ; Aubel, this vol., ii, 28). — Owing to 
the contradictory results obtained by previous observers, the author has 
re-examined the chemical effects of quartz-mercury lamps on water. 
The sterilising action of the Kromayer lamp has been ascribed to the 
formation of hydrogen peroxide ; it has been found, however, that the 
production of iodine from potassium iodide is more marked with 
a feebly alkaline, natural water than when the water is slightly 
acidified. Distilled water gave comparable results only after addition 
of a nitrate. The liberation of iodine, therefore, appears to he due to 
the formation of nitrites, and this has been confirmed by the 
production of a coloration with sulphaniiic acid and a-naphthylamine. 
Hydrogen peroxide is probably formed first, in accordance with the 
equation : 2H 2 0 = H 2 0 2 + H.„ and this is followed by reduction of the 
nitrate. The sterilising action of the lamps is considered to depend 
on the direct action of the rays on bacteria. W. 0. W. 


Utilisation of Electrolytic Chlorine for the Simultaneous 
Production of Hydrochloric and Sulphuric Acids. Angelo 
Coffadoro (Gazzelta, 1909, 39, ii, 61 6-642).-The author discusses 
the various processes devised for utilising the chlorine yie ^ c y 
the electrolytic soda industry, and describes his own investigations on 
the reaction expressed by the equation : . 

Cl 2 + SO g + 2H 2 0 = 2HC1 + H a S0 4 . 

Study of the equilibrium between the three components, water and 
sulphuric and hydrochloric acids, in the liquid phase a » » , 

70° shows that, with increasing proportions of ’• 

solubility of the hydrochloric acid undergoes considera e ' 

The amount of such diminution cannot, however, to ^edated by 

means of the formula, given by Nernst (Abstr 189 M) and No,« 

(Abstr., 1891, 142), such formal® giving accurate 

dilute solutions. With Bodlander’s formula (Abstr., 1891, 79 , h 

y/tfT- ^ere W and 1 

hydrochloric acid respectively, the value r MiinWic acid and 

only for solutions containing small p ropo rtions ° a|low ^ M is 

increases with the amount of the uue . > . solutions 

made for the formation of . f * 'diminished by 
containing much sulphuric acid, the jfa> 1 constant results 

the amount of water in this hydrate, _app j 

are obtained for the expression 1^7 
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The industrial application of this process and its economics are 
discussed. T. H. P. 

Solubility of Gases in Concentrated Sulphuric Acid and 
in Mixtures of Sulphuric Acid and Water. Christian Boh* 
(. Zeitsch . physrkaL Chetn. t 1910, 71, 47 50), The solubility 0 f 

nitrogen, oxygeD, and carbon dioxide in 96% sulphuric acid, and 
of the first two gases in mixtures of sulphuric acid and water m 
varying proportions, has been measured in the neighbourhood of 21°. 
The results for the 96% acid, in terms of Bunsen’s absorption! 
coefficient x 100, are ns follows : carbon dioxide, 92*6 ; oxygen, 2*748; 
nitrogen, 1 '292, from which it will he seen that the solubilities are 
not very different from those in water. The solubilities are, however, 
much less in mixtures of sulphuric acid and water, and for oxygen and 
nitrogen reach a minimum in 25A solution, at which the solubility is 
less than one-third of that in water. At the same point, the 
contraction on mixing sulphuric acid and water attains its maximum 
value. G. S. 


Amides of Sulphuric Acid. Fritz Ephraim and M. Gurewitsch 
(Ber., 1910, 43, 138—148. Compare Abstr., 19l>9, ii, 994). — The 
methods for preparing sulphamide are far from satisfactory, and the 
authors have consequently investigated new methods. Theoretically, 
dimethyl sulphate and ammonia should give rise to sulphamide and 
methyl alcohol, but iustead of these compounds, methylamine and 
ammonium methyl sulphate are formed. The difficulties met with in 
the preparation of methyl amidosuiphonate, NH^HO/OMe, were too 
great to use that compound as the starting point. 

Attempts were then made to prepare the chloroamide of sulphuric 
acid, C1-SO./NH.,. Amidosulphonic acid, NH 2 -S0 3 II, and phosphorus 
pentachloride, in the proportion of 1 : 5 by weight, readily interacted at 

70 90°. After filtering the olive-green liquid so obtained through 

glass wool, it was distilled on the water-bath under diminished pres- 
sure. Phosphoryl chloride and phosphorus trichloride passed over, 
leaving a viscous, dark brown liquid, which deposited white crystals 
(m. p. 33— 34°) after a loug time at 0°. The analytical results were 
only in approximate agreement with the formula NH./S0 2 *CI + PC1 3 . 
The compound is very sensitive to water and water vapour, hydrogen 
chloride, phosphorous acid, and amidosulphonic acid being foime . 
Boiling sodium hydroxide does not liberate ammonia, which is only 
produced on prolonged hearing with fuming hydrochloric acid m a 
sealed tube. All attempts to decompose it into its components were 


unsuccessful. , + i 

When tbionyl chloride and amidosulphonic acid are heated together 
in a sealed tube at 105—1 10°, ammonium chlorosulphonate,CTSU 3 *M^ 
is formed, and is purified by washiug with carbon disulphide or Ugt 
petroleum, and, after drying, it forms a white mass with a >e own 
tinge (m. p. about 152° in sealed tubes). It fumes in the air an 
gradually deliquesces. On treatment with liquid ammonia ^ k . 
violent reaction, the product of which dissolves in the extes 
ammonia. After evaporation of the solvont, the re* 
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dissolved in water, the solution acidilied with nitric acid, and silver 
nitrate added in large excess. After collecting the silver chloride, the 
filtrate is fractionally precipitated with ammonia, the first and 
smallest fraction being rejected. From a hot solution the precipitate 
consists of silver sulphamide, S0 2 (NHAg) 2 , whereas from a cold 
solution it is silver imidosulphamide, NAg(S0 2 *NHAg) 2 , with 
varying amounts of water of crystallisation. Trisulphimide was not 
found in the reaction products. 

When sulphuryl chloride is added drop by drop to liquid ammonia 
cooled by an ether-solid carbon dioxide freezing mixture, there is a 
violent reaction according to the equation: 2S0 2 C1 2 + 7NH 3 = 
Nfl(S0 2 -NH s ) 2 + 4NH 4 CL No trisnlphimide is formed, and, after 
evaporating off the excess of ammonia, silver imidosulphamido may 
be obtained from the residue in a manner similar to that already 
described. It is always contaminated with silver sulphamide, the 
sulphamide being formed from the imidosulphamide according to the 
equation: NH(S0 2 -NH 2 ) 2 +H 2 0 = NN. 2 -S0 3 H+«0. 2 (NH 2 ). 2 . In fact, 
stiver imidosulphamide may be readily transformed into silver 
sulphamide by solution in dilute acid and precipitation from the warm 
solution by ammonia. 

Pure sulphamide is best prepared by dissolving the product of the 
reaction between sulphuryl chloride and liquid ammonia in a small 
quantity of water and making the solution just acid. After two to 
three days the hydrolysis is complete, the mixkue is evaporated 
to dryness in a vacuum, and the residue extracted with ethyl 
acetate, which dissolves out the sulphamide, amidosul phonic acid aud 
ammonium chloride being insoluble. After evaporating off the ethyl 
acetate, pure sulphamide, m. p. 93 y , is left. 

Pure silver imidosulphamide was prepared by extracting the product 
of the reaction between sulphuryl chloride and liquid ammonia with 
ethyl acetate in order to remove the sulphamide, and then working up 
the residue at the ordinary temperature to silver imidosulphamide m 
the manner already indicated. It contained 46H a O. 

When a solution of amidosulphonic acid is neutralised with ammonia, 
and the calculated quantity of silver nitrate added to form the silver 
salt, no precipitate forms until the liquid has been evaporated to a 
syrupy consistence. It then solidifies suddenly to a 1 a latmg crys a 
line mass, which, after crystallisation from water, gives rhombohedral 
crystals of silver ammonium amidosul phonate, rn c „ 

* NII 2 *S0 3 Ag,NH 2 -S0 3 NH 4 . S - 


Allotropy of Tellurium. Ernst Cohen 
Weekhlad, 1910, 7, 57— 61).— A summary 
allotropy of tellurium. 


and J. F. Kroner (Chem. 
of the literature on the 
A. J. W. 


Behaviour of Nitric Oxide at Lo " 

Adwentowski (Bull. Acad. Sci. Cracow 19(h), -* of nitric acid 

investigated by the author was prepared by the ac containing 

ou ferrous sulphate or of sulphuric acid on a s Dur jfi e d by 

potassium iodide aud potassium nitrite, an < p 
condensation and fractional distillation. 
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The relative density of nitric oxide remains unchanged when the 
temperature is lowered to about - 150°, The mean coefficient of 
expansion at 760 mm. between - 140° and 0° is 0 0037074. Liq uid 
nitric oxide is colourless in thin layers, and light blue when examined 
in thick layers. It is, however, probable that the blue colour is due 
to traces of nitrogen trioxide which cannot be removed by fractionation. 
The critical temperature is -92 9°, the critical pressure 64 6 atmo- 
spheres/ It boils at - 150-2°, and solidifies at - 160-6°. The vapour 
pressure at this temperature being 168 mm. of mercury. 

The vapour-pressure curve of liquid nitric oxide is somewhat 
anomalous, and this is attributed to polymerisation of the molecules 
at low temperatures. The fact that the vapour density at atmospheric 
pressure is quite normal at these temperatures indicates, however, 
that the dissociation of the polymerised molecules is practically 
complete at this pressure. The high density of the liquid at its 
boiling point, D 1*269, is cited as evidence in support of the view that 
the liquid molecules are associated. H* M. D. 


Molecular Weight of Nitrous Acid in Aqueous Solution, 
Alexis Y. Saposhnikoff (J. Hues. Phys. Chtm. $ 'oc., 1909, 41, 
1704— 1708).— That the molecule of nitrous acid in aqueous solution 
is represented by the formula HN0 2 is partly confirmed by Schumann’s 
measurements of the electrical conductivity and affinity constant of 
the acid (Abstr., 1900, ii, 264). Simple shaking of solutions of 
nitrous acid with chloroform results in the expulsion of the anhydride, 
N O the appearance of which is explainable as due either to the 
occurrence of the anhydride in the solution or to the slight stability 
of the acid and its consequent decomposition into water and nitrogen 
trioxide under the influence of the chloroform. Cryoscopic measure- 
ments of aqueous solutions of nitrous acid give the molecular weights 
46'0, 46 ‘6, and 4 6 ’6, which are very nearly identical with the value, 
47, required by the formula. UNO.,. ^ 


Compounds Of Sulphur and Phosphorus. V. Tetri- 
phosphorus Trisulphide, P.S 3 . Alfred Stock [with M.u 
Rudolph] (Bur., 1910, 43, 150 - 157 ). -The author has short 
previously that the only three compounds of phosphorus and sulphur 
are P,S 3 , P 4 S 7 , and P 2 S 5 (P ( S 10 ) (compare Abstr., 1909, n, 569). 
present communication describes the preparation and propertie 
first compound, tetraphosphorus trisulphide. 

An excess of red phosphorus is mixed with finely-powdered sulphur, 
and the mixture heated in a wide tube, sealed at one eDd, m an 
atmosphere of carbon dioxide. The temperature is first gradually 
raised to 100°, and then the reaction started by stronger locai heat g 
near the surface of the mixture. When the reaction has p 
through the whole mass, the tube is strongly heated until the route 
begin to distil, otherwise higher sulphides of phosphorus are fo > 
the reaction product, which consists of red phosphorus and t h 
phosphorus trisulphide, is allowed to cool in the 
dioxide. The trisulphide may be separated from the r ed 
by extraction with carbon bisulphide or by distillati 
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atmosphere of carbon dioxide, but in both cases it is somewhat 
impure. 

After purification and recrystallisation from benzene, a pure light- 
yellow product is obtained, which' sinters at 171'5 9 , m. p. 172-5°. 

The b. p. is 407 — 408°/760 mm., but at the same time there is 
slight decomposition, as indicated by a variation in the melting point. 
I)i7 * 2-03. The molecular weight, both in carbon disulphide solution 
and as vapour, corresponds with the formula P 4 S 3 . At 17°, 1 part 
by weight of P 4 S 3 is dissolved by 1, 40, and 32 parts by weight 
respectively of carbon disulphide, benzene, and toluene. The 
concentrated solutions are intensely yellow. 

Tetraphosphorus trisulphide is decomposed by both concentrated and 
dilute potassium hydroxide solution, hydrogen and phosphine (1 : 1 to 
2 : 1) being evolved. The evolution of gas lasts for days at the 
ordinary temperature. If the brownish-red solution is acidified 
immediately after being prepared, a yellow precipitate, resembling 
solid phosphorus hydride, P 12 H 6 , is obtained, which decomposes and 
becomes brown after a time. This precipitate is not obtained from 
solutions which have been preserved for some time, T. S. P. 


Compounds of Sulphur and Phosphorus. VI. Tetra- 
phosphorus Heptasulphide, P 4 S 7 . Alfred Stock [with Berla 
HErscoyici] ( Ber 1910, 43, 414 — 417).— An intimate mixture of 
purified red phosphorus and sulphur, in such proportions that the 
reaction product would consist of P 4 S 7 + 5%P 4 S 3 , is heated in a hard 
glass tube in the way described in the preparation of tetraphosphorus 
trisulphide (preceding abstract) until distillation begins. The cooled 
product is then recrystal iised from carbon disulphide, in which the 
heptasulphide is sparingly soluble (l part in 3500 parts solvent at 17°, 
and 1 part in 20,000 parts at 0°). whilst the trisulphide is readily 
soluble. 

Tetraphosphorus heptasulphide crystallises in small, slightly yellow 
prisms, D 17 = 2*19, sinters at 305 — 308°, m. p. 310°. 

The b. p. is 523°/760 mm., and the vapour density at 700° corre- 
sponds with the formula P 4 S 7 ; above 750° the vapour density rapidly 
diminishes to one-half its normal value. At the ordinary temperature, it 
is stable, but on melting, and at higher temperatures, it decomposes 
to some extent. It is more sensitive to moisture than the trisulphide. 
When exposed to the air for some time, it smells strongly of hydrogen 
sulphide. T ’ 


Crystalline Boron. II. Heinrich Biltz 1910, 43, 

297 — 306).— So-called crystalline boron has hitherto been obtained m 
two different crystalline forms, the one being black an laving e 
formula A1B™, whilst the other consisted of colourless to yellow, quad- 
ratic crystals, having the composition C 2 Al 3 B 48 (Hampe, 18 ’’ 

1877, i, 273). The preparation of the coloarless crysUl. has h|therto 
been a very troublesome matter, but the author obtains 
as follows: A mixture of 50 grams of boron trioxide 75 > * 

sulphur, 100 grams of aluminium, and 2 grams o soo 

VOL. XCVI1I. ii. 
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appropriate tuse. The fused mass is treated with water and con cen . 
trated hydrochloric acid, and the residue finally left under dilute 
hydrochloric acid for some days. Whemall action has ceased, it i 8 
well washed by decantation with hot wafer. The resulting prepara- 
tion consists mostly of the transparent, yellow quadratic crystals, but 
it is also mixed with the black crystals The black crystals have 
D 1 * = 2-554 ±0-005, and the yellow, D1 = 2 590±0 006, and are 
separated by the flotation method in a mixture of methylene iodide 

The quadratic crystals are not attacked by hot concentrated hydro- 
chloric acid or sulphuric acid, or by a solution of chromium trioxide 
in concentrated sulphuric acid. They are dissolved by hot cone®, 
trated nitric acid, especially when heated in a sealed tube at laO- 80». 
In transmitted light they are yellow to brownish-yellow in colour, 
whereas in reflected light they are dark brown to grey. Analysis 
gave 4-07% C, 13 38% Al, and 82’1%B (“total of 99-6%), which i corre- 
sponds with the formula C 2 A1 3 B 4( which is slightly different from 
that obtained by Hampe (toe. c it.). It is not possible to say whether 
these crystals are a definite chemical compound or a saturated raned 
crystal. ^ 

Action of Carbon Tetrachloride Vapour on Anhydrides and 
Oxides. Piekhf. Camboulives (Compt. rend., 1910, 150, Ii5-li7). 
-The author gives in tabular form a.list of those oxides wmch 
undergo conversion into chlorides or oxychlorides when heated in 
a stream of oarbon tetrachloride vapour ; the nature of the product, 
is indicated, as well as the temperature at which the reaction com- 
4 ra- Kn occurs with the oxides of boron and silicon. In 

“ases chtarination occurs between 215“ and 580“ The oxidcc cf 
niobium and thorium give a mixture of oxychloride and chlondc, 
whilst tungstic oxide gives the oxychloride only All the other 
metallic oxidea examined yielded the corresponding chloride ^ ^ 

Action of Carbon Tetrachloride Vapour on Minerals. Pirns 

Camboulives (Compt. rend., 1910, 150, 221-223. Compare preceding 
abstract! —The ease with which natural or artihcial metallic oxides 

has been shown to contain free molybdenum oxide. "' U ' ' 

Conductivity of the Inner Cone of Divided l FUmeS; The 
BxplosibiUty of Gaeeoue Mtaturee *«*«- J» ^ 
P Krassa ( Zeitsch . physikal. t hem. t 1910, 71, -o /*. f tt.w 
K experimental work on which the ^ 

f this vol ii, 122) as to the connexion between lum ) 
electrical conductivity in the Bnnsen flame are partly 
A steady flame was secured by thorough mixing o 
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air before reaching the burner As electrodes for the conductivity 
measurements, two platmum-.nd.um wires 0 05 mm. in di amo ter wl 
stretched horizontally across the flame ; they were fixed 1—2 mr 
apart, and the position of the cone of the flame with reference to 
them could be altered by means of a screw arrangement. In order 
to nmnmise the effect of the ends of the electrodes, and thus obtain 
more regular results, 3 cm. in the middle of each wire was covered 
with magnesium Mide. Measurements of temperature were made 
simultaneously by means of a thermo-couple. 

As the electrodes are gradually lowered in the flame, the electrical 
conductivity increases regularly, but there is a sudden increase when 
the electrodes reach the luminous cone. In one experiment with the 
electrodes 1 mm. apart, the conductivity was three to four times 
greater at the summit of the luminous zone than at a point 1 mm. 
above it. As the proportion of oxygen in the mixture is gradually 
diminished, the change of conductivity on reaching the luminous zone 
is less abrupt, a result which is due in part to the lowering of tempera- 
ture, The addition of carbon dioxide to the gas mixture also renders 
the change of conductivity at the margin of the luminous zone less 
sharp, but at the same time broadens out the luminous zone, so that 
in this case, also, there is a close connexion between conductivity and 
luminosity. Further, in the case of the carbon monoxide flame, which 
is only slightly luminous, there is no great increase of conductivity 
on reaching the inner cone. 

Contrary to the general opinion as to the action of an, inert gas on 
the luminosity of a flame, it was found that when the supply of gas 
and air’was kept constant, and carbon dioxide was added to a flame; 
it became more explosive, and it is even possible in this way to bring 
about the separation of an undivided flame. This conclusion is borne 
out by the results of Eitner ( Habilitatiorusschrift , Miinchen, 1902), 
which are discussed at length. In this connexion, it is shown that 
Le Chatelier’s rule, according to which the lower limit of explosibility 
of a gaseous mixture is an additive function of its composition, is 
approximately valid, but this rule does not hold for the higher limit 
of explosibility. G. S. 


Existence of Real Percarbonates and their Differentiation 
from Carbonates with Hydrogen Peroxide of Crystallisation. 
Sebastian Tanatar, tier., 1910, 43, 127— 128),— Riesenfeld and 
Reinhold (this vol., ii, 33) class the potassium percarbonate of 
Constam and Hansen as a real percarbonate, because it liberates iodine 
immediately from neutral potassium iodide, whereas Tanatar’s sodium 
percarbonate does not react in this way, and is therefore considered to 
be a carbonate with hydrogen peroxide of crystallisation. 

The author points out that these reactions prove nothing, and could 
be foreseen. Potassium percarbonate (K 2 0 2 0 6 ) forms potassium, 
hydrogen carbonate in aqueous solution, and this would have no action 
on iodine, whereas not hydrogen carbonate, but carbonate is contained 
in aqueous solutions of Tanatar’s sodium percarbonate. The carbonate 
would prevent the liberation of iodine owing to the formation of 
hypoiodite ; the latter compound would then react with hydrogen 

15 — 2 
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peroxide with evolution of oxygen, as observed by Riesenfeld 
Reinhold. and 

The author states that he does not bind himself to any partial 
conception of the constitution of his perc^rbonates. X. S p F 

So-called Amorphous Silicon. Ernst Wilke-DSrpurt • [f 
schrift Otto Wallach, 1909, 671— 684).— The form of silicon which i 
obtained in the reduction of silicon fluoride by so<^um at a dull red 
heat reacts readily with sulphuric acid and with hot water I n 
the former case, sulphur is formed as one of the reduction product 
The great readiness with which the silicon reacts on these substances 
explains the poor yields which have been obtained by previous workers 
who have prepared amorphous silicon by this process. It also prevents 
this process from being economically used for the preparation of large 
quantities of the reactive amorphous form. 

A similar amorphous product is obtained with a comparatively high 
yield when sodium silicofluoride is melted together with sodium and 
aluminium, and the metallic regutu3 obtained is treated with acids. 
This first product, of a grey colour, is not very reactive, and on that 
account it can be separated more or less completely from admixed 
silica. When heated with hydrofluoric acid, the greyish.coloured 
variety of silicon is, however, converted into a brown variety, which is 
very much more reactive. The product thus obtained is violently 
attacked by concentrated nitric acid, with the formation of a white 
substance wtych appears to be a nitride, since it evolves ammonia when 
acted on by sodium hydroxide, v When heated, the brown, amorphous 
silicon is transformed into a much less active form. 

Many apparently conflicting statements in the literature can be 
explained on the basis of the author’s observations. H. M. D. 

Alloys of the Chlorides of the Alkali Metals. S. F. 
Schemtschuschsy and F. Rambacu ( J . Russ. Phys. Chem. Soc 1909, 
41, 1785 — 1814. Compare Kurnakoff and Schemtschuschny, Abstr., 
1906, ii, 443). — The authors have traced the meltiDg-point and 
solidification curves of binary mixtures of the chlorides of the alkali 
metals. 

For lithium and potassium chlorides, the m. p. diagram consists of 
two branches meeting at the eutectic point 352°, which corresponds 
with 40*5 mol. %KCiand 59 5 mol. % LiCl. Solid solutions are not 
formed, the two components separating from the molten mixtures in 
the pure state. The molecular depression of the m, p. of lithium 
chloride (100 mols.) by potassium chloride is 4'5 — 4*3°, whilst with 
potassium chloride as solvent, the molecular depression is 4-9— 4‘8°. 
The eutectic alloy, m. p. 352°, furnishes a good protecting layer for 
metals which oxidise on heating to 400 — 500°. The m. p. of lithium 
chloride is 614° (Carneliey, this Jouro., 1876, i, 489, found 602 ± 5", 
and Guntz, Zeitsch. angew. CAem., 1898, 11, 158—159, 600°). 

With lithium and rubidium chlorides, the curve is composed of two 
branches, which meet at the eutectic point 312°, corresponding with 
44-75 mol. % RbCl and 55-25 mol. % LiCl ; no solid solutions * 
The molecular depression for lithium chloride is 4’W'L 
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and for rubidium chloride, 4 6— 4-3°. Rubidium chloride has m d 
726° (Carnelley, Trans., 1878, 33, 273, found 710°). ’ v ‘ 

For lithium and sodium chlorides the cooling curves exhibit no 
eutectic halt, solidification proceeding over a certain interval of 
temperature, and solid solutions of various concentrations being formed. 
The m, p. diagram is a continuous curve of Roozeboom's type III, 
exhibiting a minimum at 552°, corresponding with 27 mol. % Nad! 
The molecular depression of the m. p, of sodium chloride is 3*8— 3*7°, 
and of the lithium salt, 2*5°. 

With rubidium and potassium chlorides the m. p. curve is con- 
tinuous, and proceeds at first almost horizontally and then gradually 
rises. to the m. p. of potassium chloride. Solid solutions are formed 
in all proportions of the components, the m. p. curve being of Rooze- 
boom’s type I. These observations are confirmed by the structures of 
the alloys. The molecular depression of rubidium chloride is in this 
case negative and equal to 0T5 — 0T1°, whilst for the potassium salt it 
amounts to 1'4— 1*3°. 

The m. p. diagram of rubidium and sodium chlorides consists of two 
branches meeting at the eutectic point 541°, which corresponds with 
54 96 mol. % RbCl. The molecular depression is 4 4 — 4*0° for rubidium 
chloride, and 4*3 — 4 1° for sodium chloride. 

Caesium chloride has in. p. 646° (Carnelley and Williams, Trans., 
1880, 37, 125, gave 631°). The cooling curves for mixtures of 
rubidium and caesium chlorides exhibit two halts, the second, at 451°, 
being conditioned by the existence of a polymorphous modification 
of csesium chloride. The ratio of the heat of transformation into 
this second modification to the latent heat of fusion of csesium 
chloride is found to be 0*35. The m. p. diagram is a continuous 
curve of Roozeboom’s type III, and exhibits a minimum at 440 , 
corresponding with 11*5 mol. % of rubidium chloride. The mole- 
cular depression for caesium chloride is T6 — 1*5°, and for rubidium 
chloride, 1*6 — 1*5°. 

With caesium and potassium chlorides, the m. p. diagram is a ^con- 
tinuous curve (Roozeboom’s type III) with a minimum at 616, 
corresponding with 34 mols. % KC1. None of the cooling curves s ow 
a eutectic halt, solid solutions of various concentrations being formed. 
The presence of potassium chloride lowers the temperature ol 
polymorphous transformation of csesium chloride; with 110 mol. /o 
of KC1, the change becomes very indistinct, and with higher pro- 
portions disappears completely. The molecular depression is 
csesium chloride and 2 '8 — 2*9° for potassium chlonde. 

For sodium and csesium chlorides the m. p. diagram m or 
two branches meeting at 493°, which corresponds wi ■ ■ o 

NaCl; no solid solutions are formed. Similar results are obtained 

with the system CsCl + LiCl. m .v n r 

J be divided into two groups: (1) those ot 


These chlorides may oe amucu ^ °'n V ' Hions and 

potassium, rubidium, and csesium, which mix in a PI a1ures ’f 0 rm 
(2) those of lithium and sodium, which at lug P at " ] owt , r 
uninterrupted series of solid solutions, these < eeo p . g 

TEST* W. M’, I— - 
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found to be : for NaCl, 97 ; LiCI, 86 ; KCl, 63 ; RbCl, 38, and CsC], 

24: Cals., these values diminishing with increase of the molecular 

wfiicnt;* * 

The heats of formation of a number of the Bolid solutions formed 
by the above salts have been measured, knd if is found that, in all 
cases, considerable absorption of heat occurs, the solid solutions being 
consequently unstable and undergoing gradual decomposition. 

T. H. P. 

Some Thiophosphates. Fritz Ephraim and Etta Majler ( V, 
1910, 43, 285—288). — When solid sodium tetrathiophosphate, 
Na-PS. (compare Abstr., 1905, ii, 318), is treated with the solutions of 
sulohides of other metals, reaction takes place either according to the 
equation 2 Na 5 PS 4 + 3 M 2 S + 2H 2 0 = 2MjP8,0 + ■+ ■ MA or 
according to the equation : 2 Na,PS, + 3M 2 8 + ULO -M 3 PS 2 0 s + 
3 Na S + 4H.,S. In no case is the tetrathiophosphate oi the second 
metal formed, owing to hydrolysis by the water. 

Barium oxytrithiophosphate t Ba 3 (Pb a O) 2 ,20H 2 O, was obtained 
from sodium tetrathiophosphate and a solution of barium sulphide. 
It is stable when dry, but is decomposed by water or dilute acids 
with evolution of hydrogen sulphide. Concentrated nitric acid dis- 
solves it, the sulphur being completely oxidised to sulphuric acid. 
When barium hydrosulphide is used instead of the sulphide, barium 
dioxydithiophosphaU, Ba^PSjO.y 8 H a O, is obtained (compare Stock, 
Abstr., 1906, ii, 535). Attempts to prepare strontium and calcium 

thiophosphates were unsuccessful. ... , 

Magrthmm oxytrithiophotphaU, Mg,(PS,O) s 20H,O, was obtained 
from magnesium bydrosulphide. It was precipitated from solution 
by alcohol in the form of white needles. It is decomposed^ water 
or dilute acids. 

Selenophoaphates. Fritz Ephraim and Etta Majler (Her., 1910, 

43 277 285). — Selenophosphates of the alkali and alkaline-earth 

metals and of magnesium can be prepared by the action of phosphorus 
pentaselenide on aqueous solutions of the selemdes of the respective 
metals, the reaction proceeding according to the equation . - 2 + 
P„Se, * 2M.PSe 4 . In no case, however, could a solid tetraseienev 
phosphate be obtained, water decomposing it thus : M 3 Pbe 4 + J " 
M PSe O+HnSe. In some cases the decomposition may g 
S with the S formation of the compound M,BSe 2 O f , or even 
’ In many cases intermediate compounds, for example, 
formed, which the authors consider may be isomorphous mirtu^ 
the different oxyselenophosphates. If the compounds crystste 

from a mother liquor rich in hydrogen selemde, they a, re also nek 
in selenium, but if precipitated by alcohol they are power *n s 1 ^ 

The oxyselenophosphates may also be prepared from . ‘ M6 of 

of the metal and phosphorus pentaselenide. Bveu in * > ^ foBDIr 

excess of alkali, the normal salts sometimes by the 

tion of the monohydrogen salts, the process being 
relative solubilities of the two salts in the mot er l <F l °r- poull ds 
On solution in water, especially » hot water ' 
decompose according to the equation: M 3 FSe 4 + 4 n 2 u 
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4H 8 Se. The mother liquors oxidise quickly ou exposure to the air 
becoming red and depositing celenium. The so]id salts are fairlv 
stable in dry air. dU1 7 


Normal salts were only obtained with the alkali metals- the 
alkaliDe-earth metals give monohydrogen salts. 

An ammonium tellurophosphate could not be obtained 

Sodium trioxy&Unophosphate , Na 3 PSeO 3 ,20H 2 O, was ’ prepared by 
digesting a strong solution of sodium hydroxide with phosphorus 
pentaselenidfl. The same substance was obtained when sodium hydro- 
selenide was used in the place of sodium hydroxide. It crystallises in 
needles. 

Ammonium oxytriselenophosphate was obtained from phosphorus 
pentaselenide and a saturated solution of hydrogen selenide in strong 
ammonia. From the warm mother liquor, leaflets crystallised having 
the composition (NH 4 ) 3 PSe s O,10H ? O, and later the cold mother liquor 
deposited octahedra and four-sided leaflets of the composition 
(NK 4 ) 5 H(PSe s O) 2 ,l 8H 2 0. 

Potassium oxyselenophosphate , K s PSe,. & 0 r5 ,H 2 0, was obtained in the 
form of greenish-yellow octahedra by using potassium hydroselenide. 
It reacts violently with nitric aeid. 

Barium dioxydmleno phosphate, BaHPSe 2 0 2 ,14H 2 0, is formed when 
phosphorus pentaselenide is treated either with a solution of barium 
hydroxide, or with a saturated solution of hydrogen selenide in barium 
hydroxide. It forms a white, micro-crystalline powder. 

When 2 grams of strontium hydroxide, dissolved in a little water, 
were treated with 3 grams of phosphorus pentaselenide and the 
filtrate from the deposited selenium treated with alcohol, a light yellow 
precipitate of a strontium oxyselenophosphate, having the composition 
SrHPSe 2/s O l0/3 ,7H 2 O, was obtained. When a larger excess of the 
pentaselenide was used, the crystals were colourless, and had the 
composition SrHPSe.,,O fi/ ,.8H. 7 O f which may possibly be 
2SrfpSe4,SrHPSe 2 0 8 ,24H s 0. 

With calcium hydroxide a calcium oxyselenophosphate was formed. 
With the smaller proportion of phosphorus pentaselenide, the yellow 
crystals obtained had the composition CaHPSej/gO^^.OHgO, whilst 
with the larger proportion their composition was OaHPSeOg^HgO.^ 

A magnesium dioxydiselenophosphate was also obtained, but not in a 
pure condition. T. S. P. 


Lithium Phosphomolybdates. Fritz Ephraim and Max Bramd 
{Zeitsch. anorg. Chem., 1910, 65, 233— 236).— Five lithium phospho- 
molybdates, two of which are of rather complicated composition, have 
been prepared. 

The salt, 3Li 2 O,P 2 0 5 ,5MoO s , with both 16H g O and 17H 8 0, is 
obtained from the mother liquor of its additive compound, described 
below, in white prisms. The salt , 5Li 2 0,3P 2 0 5 ,BMoO gJ 28H 2 0, is 
obtained when lithium carbonate, phosphoric acid, and molybdenum 
tvioxide are mixed in the proportions of the first salt, and the solution 
is evaporated. It forms long, slender needles, readily soluble m water. 
The salt, 3Li 2 0 ) P 2 0.,12Mo0 3 ,lBH,0, is obtained on adding dilute mtnc 
acid to the first salt in concentrated solution, and forms a ye ow, 
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micro-crystalline precipitate. When tbe mother liquor is evaporated 
orange crystals of the salt , 3Li 2 0,P 2 05,18Mo0 3 ,27H 2 0, are obtained ’ 

The double salt, 3Li 2 0,P a 0 &1 5MoQ 3 + 6Li g P0 4 ,18H 2 0, is obtained 
when 52 grams of lithium molybdate are dissolved, and 29 g raa)s 0 t 
molybdenum trioxide and 15 grams of phosphoric oxide added U 
crystallises in short rods, and has an alkaline reaction, whilst the other 
lithium phosphomolybdates are acid. Water decomposes it, leaving 
residue of lithium phosphate. Cl pj 

Rubidium and Csesium Phospho- and Arseni- molybdates 
Fbitz Ephraim and Heinrich Herschfinkkl (Zeitsck anorg Chem 
1910, 66, 237 — 247). — The salt , 7Rb 2 0,P 2 0 5 ,22Mo0 8 ,12H 2 0, i, obkined 

by mixing the components in the molecular proportions 3:1; 2, when 
a yellow salt, usually slightly green owing to partial reduction is 
precipitated. By the addition of nitric acid, I) l *2, to a solution of 
rubidium phosphomolybdate, a yellow precipitate of the salt, 
3Rb a O,P 2 O 5 ,20MoO H1 12H 2 O, 

is obtained. If this salt is suspended in water, and rubidium carbonate 
is added until the yellow colour of the solid disappears, a white salt 
6RboO,P. 2 O 5 ,18MoO s ,10H 2 O, is obtained. If 0*5 mol. phosphoric acid 
is added to 1 mol. rubidium carbonate, and then boiled with 1 m 0 l 
molybdenum trioxide, a solutiou is formed which deposits very lar^e 
crystals of the salt, 5Rb 2 0,2P 2 0 5 ,9Mo0 3 ,l 3H 2 0. The last portions of 
the mother liquor deposit crystals of 7Rb 2 O,3P 2 Oj,10Mo0 3 ,151i,0. 

A yellow caesium salt has the composition 

2Cs 2 0,P 3 0 5 ,1 4Mo0 3 .3H 2 0. 

A white salt, 3Cs 2 0,P 2 0 5 ,6MoO s ,8H 2 0, is obtained similarly to the 
white rubidium salt. 

A simple rubidium arsemmolybdate, Rb 2 0,As 2 0 6 ,6Mo0 3 , is obtained ' 
as a white, micro-crystalline precipitate by adding rubidium nitrated 
a concentrated solution of arsenomolybdic acid (Pufahl, Ab.str,, 1884, 
715). A salt, 4Rb 2 O,As 2 O 5 ,18MoO 8 ,40H 2 O, is obtained as a yellow 
precipitate by mixing molecular proportions of rubidium hydroxide 
and molybdenum trioxide, and then adding nitric acid and arsenic acid. 
If an excess of arsenic acid is used, colourless crystals of the salt, 
3Rb 2 0,3 A s,0 5 ,5Mg0 3i 9H o O, are obtained, readily soluble in water. It 
contains more arsenic than any previously known arsenomolybdate, 

A yellow caesium arsenomoh/bdate, 4 C? 2 0, A s 2 0 4 , 26 Mo0 3 , 1 5 U.,0, is 
obtained in similar manner. It was not found possible to prepares 
white caesium salt, the product isolated being caesium arsenals , 
Cs 2 0,2A$ 2 0 5 .5H 2 0, which forms well-developed crystals. C. II. D. 

Dimorphism of Ammonium Haloids. Robert C. Wallace 
( Centr . Min., 1910, 33 — 36). — When ammonium chloride is sublimed 
there is a marked change in the heat effect at 159° ; under the micro- 
scope the crystals exhibit a change at this temperature, although they 
still remain optically isotropic ; and on cooling in a dilatometer filled 
wi+h oil, the crystals show an appreciable contraction in volume at 
this point. Ammonium bromide exhibits the same reversible 
phenomena at 109°, but ammonium iodide shows no change. 

The molecular volumes of ammonium chloride and ammonium 
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bromide in their modifications stable at the ordinary temperature 
indicate that these (more highly polymerised) salts are not iso- 
jnorphous with the potassium haloids and ammonium iodide ; but it is 
probable that the modifications stable at the higher temperatures do 
belong to this isomorphous series. L. J. S. 

properties of Precipitated Silver. Takak Nath Das (Chem. 
flews, 1910 , 101 , hi). — When the solution of hypophosphite obtained 
in the preparation of phosphine from phosphorus and sodium hydr- 
oxide is acidified and treated with silver nitrate, a yellow precipitate 
of silver separates after a time, and gradually changes in colour, 
becoming successively brown, red, grey, and finally black. The pre- 
cipitate dissolves very readily in solutions of potassium cyanide and 

tassium chlorate, less readily in sodium thiosulphate, and is nearly 
insoluble in ammonia and sodium hydroxide. 11. M, D. 


Atomic Weight of Strontium. Sir Edward Tiiorpe and 
Arthur G. Francis ( Proc . Roy. Soc ., 1910 , A, 83, 277 — 289). — The 
atomic weight of strontium has been determined by measurement of 
the ratios (l)SrBr 2 :2Ag (6 determinations), (2) SrBr 2 : 2AgBr (5 
determinations), (3) SrCl 2 : 2 Ag (6 determinations), (4) SrCI. 2 : 2AgCl 
(5 determinations). The strontium salts were purified by very exten- 
sive processes of fractional crystallisation, and all reagents used m 
connexion with the measurements were freed from possible impurities 
by suitable methods. From the four ratios, the atomic weight of the 
metal is found to be 87*646 ± 0 * 0016 . 

In order to obtain an independent check on these determinations, two 
further series were made, depending on the ratio of SrS0 4 to brtl 2 and 
SrBr 0 (4 and 3 determinations) respectively. In consequence of the 
more complicated character of the manipulative processes involved m 
these estimations, the accuracy obtainable by this method « > o 

hinh as in the methods of the first four series. The mean value 

obtained for the atomic weight is Excess' 1 of 

the authors adopt the number 87*65, which is onl) 0 ^ ^ ^ 

that obtained by Richards. 

Action of some Salts of Ammonium on the Alkaline Earth 
Carbonates. Ettore Selvatici {Bull. Assoc. . '^ itrate ’ 

27, 669 — 670 ).— It is proposed to prepare barium chlon ^ 

and the corresponding strontium compounds, y ** ° • , r6 spect- 

with equal mol. weights of ammonium chlor.de and “bate 
ively. \he barium nitrate may be used for /SritbTmU 
heating to redness in a current of oxygen, P j_ M. 

heating to redness. 


Electrolysis of Ciipric s ®j; ut ifi n8, av^-A reply to Foerster 
{Bull. Soc. chim. Belg 1910, Merer' (Abstr/ 1908, ii, 803; 
(AW, 1909, ii, 314) on f h f ^^iments, the author con- 
1909, n, 314). As the result of ne - P ho]ds for temi)e ratures 
eludes that the explanation given b> - others is true for 

below 50°, whilst that due to Foerster, , 1 


Octave Dony-Hknaui.t 
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temperatures near the boiling point. Luther s method of estimating 
cuprous salts by means of permanganate (Abstr., 1901, n, 301) gives 
results concordant with those obtained by weighing the eo pper 
which separates when a solution of copper sulphate m dilute Su p 
phuric acid, which has been heated at 200° in Presence of copper, i s 
cooled. For neutral solutions, the results obtained by the two methods 
do not agree. Luther’s value for the equilibrium constant Cu/Cn, is 
confirmed. T * A * H - 


Coloration of Salts. Andre Rassenfosse {Bull. Acad, roy . 

1909, 1289 1321). — The various theories which have been advanced 

to account for the colour changes of solutions of^ cupric and 
cob alto us salts do not give a full explanation of the subject (compare 
Donnan and Bassett, Trans., 1902, 81, 939, and Werner, Abstr., 

1909, ii, 49). , . r , 

In the case of copper sulphate, the colour of a solution is shown to 
depend (a) on the dissociation of the salt, and (6) on its hydration. 
Evidence is brought forward to show that in the case of cupric 
chloride solutions, colour changes induced by the addition of hydro- 
chloric acid by heating, by the action of alcohol, and in other ways 
are probably due to the formation of compounds of cupric chloride 
either with the reagent used or with a product of its own decom- 
position. In this connexion, reference is made to the additive products 
of hydrochloric acid with cupric, cobaltous, mercuric, and other 
chlorides isolated by Engel (Abstr., 1888,558,918, 1042, 1248; 1890, 
109, and 1892, 569). 

The addition of hydrochloric acid to a cold saturated solution of 
cupric chloride causes the precipitation of either the mono- or 
di hydrate of cupric chloride, so that the colour change caused by the 
addition of the acid cannot be due to dehydration of the salt. Further, 
addition of a dehydrating agent, such as phosphoric oxide induces no 
colour chaDge in cupric chloride solution. Zinc chloride added to 
a green solution of cupric chloride containing hydrochloric acid 
restores the blue colour, probably because the zinc chloride destroys 
the cupric chloride hydrochloride existing in the green solution. 
Sodium, potassium, or barium chlorido does not react in the same way 
as zinc chloride, but calcium or magnesium chloride changes the blue 
colour of an aqueous solution of cupric chloride to green, probably by 
the formation of a molecular compound of the two salts. A mix ure 
of saturated solutions of cupric and calcium chlorides deposits after 
. a time a mass of greenish brown, deliquescent needles of t 
salt, 2CuCUCaGL l «H # 0. When a solution ot cupric chloride m 
water is boiled, the colour changes to green, the water vapour ev 

contains hydrogen chloride, and the boiled solution on coolmg how, 

less absorption for light and an increased electrolytic 

Such a solution contains cupric oxide. The blue colour is f 

the hot solution if zinc or mercuric chloride is added. L 

anhydrous cupric chloride in ethyl alcohol deposits on , e 

under reduced pressure greenish-yellow crystals of an addrtiv ; ° 

CuC 1 2 ,2C,H,*OH, and a similar product is formed 

alcohol 'It is probably to the existence of the former substance 
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,^ 0 „ reen colour of an aqueous solution of cupric chloride to which 
a l co hol has been added is due. Cupric chloride is decomposed by 
\per and to this cause is due £he brown stain produced on drying 
^aner which has been soaked in cupric chloride solution. Similar 
evidence in favour of the view that colour changes in cupric chloride 
olution are due to the formation or decomposition of compounds of 
the type indicated, is afforded by comparison of the absorption spectra 
and electrolytic resistances of such solutions. T. A. H. 

Reactions in Non- Aqueous Solutions. V. In Ethyl Acetate. 
Atvxander Naum ANN [with Max Hamers and Emil Hennixger] 
(Ber 1010, 43, 313—321. Compare Abst-r., 1909, ii, 1018).— The 
anhydrous ethyl acetate used distilled at 74 57750 mm., and had 
pis i 0 S995. For the experiments, half-saturated solutions were used. 

A* list is given of salts which are soluble or insolublo in ethyl acetate. 
When hydrogen sulphide is passed into strongly ammoniacal ethyl 
cetate a precipitate of ammonium hydrosulphide, in the form of 
rhite leaflets, is obtained. The colourless liquid gradually becomes 
rellow, owing to the formation of polysulphide. The same compound 
formed when ammonia is passed into a solution of hydrogen sulphide, 
,ut it then crystallises in needles. With hydrogen chloride the 
unmoniacal solution of ethyl acetate gives a precipitate of ammonium 

^At 18° a saturated solution of mercuric chloride in ethyl acetate 
mntains one part of solute to 2 05 parts of solvent. With hydrogen 
S ide, a white compound, HgCU,2HgS is produced, and with 
ammonia the compound HgCI 2 .2NH 3 . Hydrogen su)ph,de and am- 
monia together give a greyish-black precipitate of mercimo sulptata 
Molecular-weight determinations by the boiling-point method ^ave 
254 -9 269*2 as the molecular weight of mercuric chlon e 

*53: ar «... » .«»»? *• «<- ■» ~ 

srisscii ssrAi » * »•-«■< * »• 
"laasusst*. i. 

in 68*03 at 18°, and has the molecular weight ^7-44^^ ^ 
sulphide gives a yellowish-red precipi^ . wit h Ammonia, 

composition Hgl^HgS. No precipi t 1 & ipitate of mercuric 

Ammonia and hydrogen sulphide toget g P d passa ge of 

sulphide ; at first the precipitate is black, but on coim F 

ammonia, it turns red. . - ■ e thvl acetate do 

Saturated solutions of potassium merC ) ^ 1 . or hydrogen sulphide, 

not give a precipitate with eitbe: r am . ^ ? pro duced, which 

With both these gases togethei a blac p P 

contains mercury and sulphur. Iodide in ethyl acetate 

At 18° the saturated solution of cadm j 

has D“ =0-9145, and contains 1 part of solute in 54 i part 
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With hydrogen sulphide it gives a yellow precipitate of the ecu. 
position CdI„2CdS. With ammonia the compound CdI 2 ,2UH, j, 

precipitated ” Ammonia and hydrogen sulphide together produce a 
precipitate of cadmium sulphide mixed with ammonium hydro- 
sulphide Hydrogen chloride produced no precipitate, but a slight 
liberation of iodine. Chlorine gave a white, Hocculent precipitate of 
cadmium chloride, as also did mercuric chloride and bismuth tri- 
chloride. Bromine gave a dark-coloured liquid, but there was no 

evidence of reaction. , 

At 18° a saturated solution of stannous chloride m ethyl acetate 
contains 1 part of stannous chloride to 22-40 parts of ethyl acetate, 
and has Dl 8 = 0*9215. With hydrogen sulphide a brown precipitate of 
stannous sulphide is produced, and with ammonia the compound 
SnCl 2NHq Ammonia and hydrogen sulphide together give a 
precipitate of stannous sulphide mixed with ammonium hydro- 
sulphide Hydrogen chloride produces no precipitate. Chlorine and 
bromine both give stannic salts. Mercuric chloride gives a white 
precipitate of mercurous chloride, even in the presence of excess of 

stannous chloride. , 

At 18° a saturated solution of antimony trichloride in ethyl acetate 
has D 18 = 1*7968, and contains 1 part of solute to 16*97 parts of solvent. 
No precipitate is produced with hydrogen sulphide, but with ammonia 
the compound SbCl s ,3NH s is produced. Ammonia and hydrogen 
sulphide together give a precipitate of antimony trisulphide mixed 
with ammonium hydrosulphide. There is no reaction with either 
hydrogen chloride, chlorine, bromine, iodine, mercuric chloride, or 

part* 1 of bismuth trichloride dissolves in 60*36 parts of 
ethyl acetate* and the solution has Di 9 - 0*9106. When kept, the 
solutions become cloudy, owing to the formation of bismuth oxy- 
chloride. Hydrogen sulphide gives a precipitate of bismuth sulphide, 
and ammonia a precipitate of the composition BiC 1 8 ,2*H.. Ammonia 
and hydrogen sulphide together give bismuth sulphide Neither 
hydrogen chloride, chlorine, bromine, iodine, mercuric chloride, nor 
antimony trichloride have any action. L * 

Action of Heat on Aluminium in a Vacuum. Emile Kohs- 
Abrest (Com!*, rend., 1910, 150, 169-173).-When ab.nm.um 
heated in a porcelain boat at 1100" in a vacuum, the metal » 
volatilised at first, but, after some hours, the Iras in weight from 
. cause becomes negligible. After prolonged heat.ng, the .e to 
found to be coated with a yellow film, consisting of an ) 
aluminium and silicon. The same results are obtained when boat, o 
pure graphite are employed, but only when these are contamei^ 
porcelain^ tube. The conclusion drawn rs tlmt alummium P 
attacks the porcelain, liberating silicon, which is ^orbed 9) t 
molten aluminium. The porcelain tubes employed >" tb , 
coated internally with a black, crystalline deposit, fiom^b.c^ 
compound Al 2 Si has been isolated , 

Synthetical Production of Sapphires by ^rtS 

Veuneuil [Compt. rent., 1910, 150, 185 - 187 ).-Hitherto, ar 
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sapphires have been obtained winch owed their colour either to 
chromium oxide or the iron oxide in a lower state of oxidation h.o 
ferric. Those coloured by chromium oxide were obtained bv S.in^o 
Claire Deviile and Caron in ISSS'-ISGS, but no one Se t 
repeat their experiments. The sapphires coloured by iron oxide are of 
inferior quality. 

The author finds that when alumina containing 1*5* 0 f nntmoiM 
oxide of iron and 0*5% of titanic acid is fused ?n theVyhyd^en 
flame, which has reducing properties, sapphires are produced which 
are identical in properties with the natural stones ; the colour in this 
case is due to the presence of the oxides of iron and titanium. 

T. S. P. 


Do Clays and Cements Adsorb CO/ Ions? Joh. D’Axs 
{Zeitsck. Ckem. Ind. Kolloide, 1910, 6, 38—40. Compare Koh land, 
Abstr., 1909, ii, 662).— In reference to the statement of Rohlami that 
carbonates are adsorbed from solutions by cements, experiments were 
made in which weighed quantities of powdered cements and clays were 
agitated for several hours with a measured volume of a sodium 
carbonate solution. After filtration, the hydroxide and carbonate in 
the solution were determined. 

The experimental data show that the dissolved carbonate is partly 
converted into hydroxide by the free calcium oxide of the cements. 
In a similar manner, ammonia is set free when the cements are agitated 
with a solution of ammonium chloride. On the other hand, the clays 
examined were found to have feebly acid properties, and, as a com 
sequence, small quantities of sodium hydrogen carbonate were found in 
the solutions after agitation. The author's observations are considered 
to be incompatible with Rohland’s view of carbonate adsorption. 

H. M. D. 


Formation and Properties of Colloidal Manganese Dioxide. 
Eugen Deiss {Zeitsck. Chem. Ind. Kolloide , 1910, 0, 69 — 77). — Stable 
colloidal solutions of manganese dioxide can be readily obtained by the 
reduction of permanganate solutions by means of dilute sodium arsenite. 
They can also be prepared by the oxidation of manganous salts if pro- 
tective colloids are present in the solution. Various organic colloids, 
can be used for the purpose, and it is also shown that colloidal ferric 
and aluminium hydroxides act as protective colloids if the amount of 
manganese in solution is relatively small. If larger quantities of 
manganese are present, ferric hydroxide behaves quite differently in 
that it favours the precipitation of the dioxide. 

It is probable that the precipitation of manganese dioxide is always 
preceded by the temporary formation of a colloidal solution of the 
substance, coagulation resulting as a consequence of the presence of 
electrolytes. The formation of the iridescent flakes of manganese 
dioxide, which can be frequently observed in the oxidation or reduction 
of manganese compounds, is also attributable to the transient formation 
of a colloidal solution, , , , 

The so-called manganites must, in many eases, be regarded as 
adsorption compounds of manganese dioxide and bases. - » ■ 
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The Thermal Formation of Manganates. I. Otto 8acku* 
(Ber., 1910, 43, 381 — 388), — A mixture of manganese dioxide with 
an excess of potassium carbonate was fused in a platinum crucible 
ami maintained at a temperature slightly higher than the melting 
point of potassium carbonate. At the same time, air or oxygen, or 
carbon dioxide, or a mixture of these gases, was passed through the 
fusion by means of a platinum tube. From time to time portions of 
the fused mass were withdrawn by means of a tube of hard glass, 
and, after cooling, the percentages of available oxygen and of 
manganese were determined. The portions withdrawn were taken 
after the passage of gas had been stopped, and the manganese dioxide 
still unacted on had been allowed to sink to the bottom of the 
crucible. In one case the oxide, Mn 3 0 4 , was used in place of the 
dioxide The results show that the absorption of oxygen by the 
fusion ceases as soon as the atomic proportion of available oxygen to 
manganese becomes 1*6. This value is independent of the con 
centration of the manganese in the fusion, and ot the partial pressure 
of the oxygen in the gas above the fusion, se that theie does not 
exist an equilibrium 'between the different oxidation stages of 
manganese in the fusion and the oxygen in the gaseous phase, but a 
definite compound is formed which contains manganese and oxygen in 
the proportion of 1 : 2*6, and would therefore have the formula 
F Mn 5 O ls = 2 M n0 2 ,3AIn0 3 . 

The fusion is dark green in colour. With a little water or with an 
alkaline solution, it give* a dark green solution (manganate) and 
a dark brown precipitate (MnO,). With much water or dilute 
acids, a violet solution (permanganate) and manganese dioxide 


result. . , , , 

A similar result was obtained when the potassium carbonate was 
replaced by potassium hydroxide, but with sodium carbonate the 
atomic propoi tion of available oxygen to manganese was 1;5 
instead of 1*6 A mixture of potassium and sodium carbonates id 
equal proportions gave the same proportions as with sodium carbonate 
alone. The fusions containing sodium salts were grass-green in colour, 
as opposed to the dark green of the potassium compound. Calcium 
oxide gave similar results to sodium carbonate. . . 

When oxygen is absorbed by the fusion, carbon dioxide is simul- 
taneously evolved, as .shown by tbe equation : 5Mn0 2 + A + 
MnA*,*K*0 + aCO £ . By estimating the carbon dioxide evolved it 
was found "that the potassium compound formed in the fusion had 
• the composition Mn s O l3J 5K 2 0, whereas the sodium compound was 
MuO 2Na.O, The results obtained also showed that unless the 
oxygen passed for a considerable time after the evolution o 

carbon dioxide had ceased, the compound formed m the fusion was 
3In,0 1B 5M.,O f where M is either K or > T a. 

All the above results are only valid when an excess of alkali 
carbonate, sufficient to hold the manganese compound fonned 
solution and so permit of full oxidation, is used. maT1 _ ftnic 

The complex compounds formed may be considered to be mangan 
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““ th ? r .i DS ^ ° £ potassmm and sodium carbonates was deter- 
mined by the method of cooling curves, using a platinum nktfZL 
rhodium thermocouple The solutes used J h £%££&£ 
were potassium chloride, sodium chloride, and sodium carbonate and 
with sodium carbonate, potassium chloride, sodium chloride' and 
potassium carbonate. In each case, with concentrations of the solute 
up to 1-2 gram-molecules per kilogram of the fusion, the lowering of 
the freezing point was proportional to the concentration of the solute 
Tha molecular lowering for a binary salt which contains no ion in 
common with the solvent is approximately twice that for a salt contain- 
ing a common ion. Ternary salts containing an anion common to the 
solvent have melting-point constants which are intermediate between 
those of the two classes of binary salts. These results are in accord- 
ance with the views of Goodwin and Kalmus (Physical Review 1909 
28, 1). 

The molecular lowering of the freezing point is 41° in potassium 
carbonate a8 solvent, and 31° in sodium carbonate. Sodium chloride 
dissolved in potassium carbonate is dissociated to the extent of 73%, 
and potassium chloride in sodium carbonate to 77%. The latent heats 
of fusion of potassium and sodium carbonates are calculated to be 
66 and 82 cals, per grain respectively. 

The molecular weights of the complex alkali manganic manganates 
dissolved in the alkali carbonates (see preceding abstract) were then 
determined. Pure manganese dioxide was melted with excess of the 
alkali carbonate and a current of gas consisting of 4/0 oxygen : 
1/5 carbon dioxide passed through the fusion for some hours, after 
which time a portion was removed for analysis, and the melting point 
of the remainder determined. It was found, when oxidation was com- 
plete, that the ratio lowering of the melting point : concentration of 
the manganese in gram-atoms per 1000 grams of the fusion, was 
constant and equal to 43 in potassium carbonate and 35 in sodium 
carbonate. These results show that the solute in each case contains 
only 1 atom of manganese to the molecule, so that their formulae 
must be written K ? MnO S6 and Na 2 Mn0 3 . 5 respectively, that is, with a 
fractional number of atoms to the molecule. The full theoretical 
bearing of this result can only be properly discussed after further 
experimental results have been obtained. T. S. P. 


Cementation of Iron by Solid Carbon, Georges Charpy and 
S. Bonnerot (Compt. rend., 1910, 150, 173 — 175).— The experiments 
which have hitherto been made on the cementation of iron by solid 
carbon have been inconclusive, either because carbonising gases were 
not eliminated with certainty, or else because it was not proved that 
the iron and the carbon had been in intimate contact. 

The authors proceed as follows : soft Martin steel, containing only 
traces of elements other than carbon and manganese, and carbon (pure 
sugar carbon, purified graphite, or clear white diamonds) were heated 
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in separate tubes in a vacuum to 1000° until practically no 
gas (less than 0*1 c.c. per hour) was evolved, the pump working ^ 
tinuously. The iron and carbon were then brought into contact, ^ 
sa little exposure to the air as possible, and again heated in a vaen^ 
at 700°, which is below the temperature of rapid cementation, until 
evolution of gas ceased. The temperature was then raised to 
and maintained at that temperature for several hours, the p Uffip 
working continuously. In every case the results were negative- 
microscopic examination of the surface of the metal did not show the 
least trace of cementation. If, however, small quantities of g (LS Werj} 
let into the apparatus, or if the pump was not continually worked, 
cementation took place, no matter what kind of carbon was used. 

The adherence of carbon to iron under high pressures (3,000 atmos.) 
is very slight ; hitherto, it has not been possible to carry out such 
experiments in a vacuum at high temperatures in order to ascertain if 
cementation is affected by the pressure. 

If it be granted that carbon cannot penetrate into steel from the 
outside, except by means of some gaseous medium (carbon monoxide), 
it does Dot follow that the same thing holds for the diffusion of carbon 
to the interior of a casting or of steel. Fresh experiments in this 
direction are necessary. L 8. P, 


Metallic Tungsten. Ludwig Weiss (Zeitsch. anorg. Chem ., 1910, 

Q5 27Q 340).— [With A. Martin.]— The aluminothermic reduction 

of wolframite is very violent, and an alloy 1 b obtained, but by employ- 
in'* an insufficient quantity of aluminium, the reaction is modeiated, 
and the product contains up to 90*66% W. A part of the iron and 
manganese can be removed by treatment with hydrochloric acid. It is 
not possible to reduce wolframite with zinc or magnesium, but heating 
with carbon in an arc furnace, followed by fusion with tungstic acid 
and calcium fluoride to remove carbon, gives a product containing only 


0*24% C and 8 ‘34% Fe. 

Tungstic acid is best prepared by fusing wolframite with calcium 
carbonate and calcium chloride, and decomposing the product with 
acid. If magnesium carbonate is employed, the product contains 
large, red crystals of magnesium tungstate, which is not decomposed 
by acids. Tungstic acid may be readily electrolysed if mixed with 
cryolite, 250 amperes being employed at 13—14 volts. The metal is 
only obtained in globules, and contains 96% of tungsten. In order to 
raise the temperature, alumina may be added to the bath, the 
aluminium liberated reacting with the tungstic acid, but the product 
is still in a fine state of divisiou. Experiments have also been made 
on the electrolysis of barium tungstate, and the reduction of cabun 
tungstate with aluminium. The best metal, containing 98-96% >M 
obtained by fusing tungsten trisulphide with lime by means ot an arc 
in a crucible of Acheron graphite. 

[With A. Stimmklmayk.]— ' Tungsten, fused in a hydrogen vacuun. 
is white and metallic ; H 6 5— 7 5, l>* 18-72. The malleability nr* 
according to the heat treatment it has received, femall 1 lrago» 
may be hammered out. It is non-magnetic. lhe specibc .» 
0-0358, and the heat of combustion of 1 gram is 1047 cal. 
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Tungsten forms coloured films, like steel i . , . 

Heating in oxygen converts it completely into the In the * ir ' 

chloric acid is without action ; concentrated srfnhuri^I^'v IIydr0 ' 
and aqua regia only act slowly on the surface ai mtnc a( ' 1<is 
sulphur is without action. A mixture of »itri 
acids is the only reagent capable of dissolving the fused Je;M° lamC 

C. H. LI. 

Corrosion of Bronzes in Solutions nf a 

GiouMi and 0. Ceccarelli (GanMa, 1909. 30^55^5757* T)° 
authors have studied the corrosion of bronzes rmii; . lhe 
portions of tin, and subjected to different methods tf rodi/XT P '°‘ 
of 80 c.c. of ^hydrochloric acid containing 9 v/o 
The losses in weight were determined after 169 and 1G6 .t*' 

results being compared with the aid of micrographs ’ ““ 

It is found that two bronzes of identical composition, after subjec- 
tion to different theimal treatment, may exhibit quite different powers 
o resistance to corroding agents ; such differences correspond with 
structural differences (compare Curry, Abstr., 1906, ii, 756 • Giolitti 
and TavanthAbstr., 1908, ii, 946)/ Under ’similar condition 
simultaneous presence m a bronze of the two a and /3 solid solutions, 
and especially of the products of segregration of these, accelerate 
the corrosive action With bronzes containing not much more than 
l/ 0 of tin, the velocity of corrosion increases with the proportion of 
' he /^solution present, no matter whether such increased proportion is 
lue to a different composition of the alloy or to different thermal 
reatment. such as altered velocities of solidification and of subsequent 
:oohng. When the proportions of a and p solutions, and of their 
;egregatfon products, remain constant, the velocity of corrosion is 
greater when the differences of concentration of the nuclei and margins 
if the separate mixed crystals of the two series are greater. As such 
Inferences of concentration are observable under the microscope, the 
legree of resistance of a bronze to corrosion may be determined 
ieforehand by the same means. T. H. P 


Metallic Zirconium. Ludwig Weiss and Eugen Neumann 
Zeitsch. anorg. Chem., 1910, 65, 248—278. Compare this vol., ii, 
33).- Crystallised potassium zirconium fluoride is mixed with purified 
odium, covered with potassium chloride, and compressed into an iron 
essel. After starting the reaction with a flame, it proceeds without 
urther heating. The finely powdered metal thus obtained, is washed 
dth alcohol, and boiled with hydrochloric acid. If washed with 
'ater first instead of alcohol, some oxide is always formed by the 
ction of the sodium hydroxide produced on the metal. The zirconium 
iay be compressed to form rods, which conduct electricity well, by 
igh pressure without the use of binding material, but only globules 
metal can be obtained in this way, as the rods break when a current 
i passed. 

A better product is obtained by reducing the double fluoride with 
iuminium, forming the powdered regulus into rods, and heating in a 
>ecially constructed furnace in an atmosphere of nitrogen, preferably 
VOL. XCVI1I. ii, 16 
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under reduced pressure. The metallic zirconium, containing 99 - 8 % 2 r , 
is white, resembling cast-iron ; it has H 7—8, D 18 6 40, and specific heat 
0*0804. 

Combustion in air only takes place at a very high temperature, an( j 
the formation of the dioxide is not complete unless oxygen is used. 
The heat of combustion of 1 gram is 1958*7 cal. It reacts with 
chlorine, forming the tetrachloride. Hydrogen at a red he»t forms a 
grey hydride, ZrHo (compare Winkler, Abstr., 1890,' 1372). When 
heated in oxygen, the hydride burns to zirconium sesquiozule, Z^O 
which is stable, and only burns slowly to the dioxide. C. If. f). 


Natural Zirconium Barths. Edgar Wedekind ( Ber 1910,43, 

290 297. Compare Abstr., 1908, ii, 1046. [Compare Weiss and 

Lehmann, this vol., ii, 133]).— The author has investigated three 
varieties of a natural zirconium earth from'Sao Paolo, in Brazil. 

I. consisted of black, kidney -shaped masses of glassy appearance. 

II. consisted of broken stones, varying in colour from dark brown 
to a light matt-grey j very often* crystals of zirconium silicate wore 
contained in it. 

III. consisted of more or less rounded lobbies. 


Analyses gave 

the following results ; 

8i0 3 



ZrOj. 

TiO s . 


Si0 2 (frce) (combined). 

Total. 

I. 

94’12 

0*98 

3*22 

0*43 1*98 

100*73 

11. 

88*29 

3*09 

4*07 

2*38 3*38 

10122 

III. 

74*48 

1 *35 

10**20 

14*08 

100-17 


The admixed ferric oxide could be removed mechanically from I. ; 
it then contained 98% Zr0 2 . and had D 5*4 1. 

To obtain zirconium oxide free from iron, the filtered, acid, aqueous 
extract of the finely-powdered mineral was mixed with ammonia 
until a cloudiness resulted. Powdered ammonium carbonate was added 
until the precipitate first formed no longer dissolved. A further 
equal quantity of ammonium carbonate was then added, and the 
solution warmed to precipitate the iron. The warming was continued 
until a filtered portion of the liquid gave no coloration with sulphuric 
acid and hydrogen peroxide. The whole was then cooled, tilterel, the 
filtrate acidified with sulphuric acid, and warmed to expel carbon 
dioxide, and the zirconium hydroxide precipitated with ammonia. 
The hydroxide was washed by decantation, and then converted into the 

oxide by heating. , - i 

To prepare the zirconium tetrahalogemdos directly, the finely- 
powdered mineral was intimately mixed with excess of magnesium 
powder, and the mixture heated in a current of dry hydroma 
After treatment of the resulting mass with ammonium chlo.* 
dilute hydrochloric acid, and warm dilute potassium hjd 
respectively, in order to remove the magnesium, magnesia, , 
silicon, the residue was dried in a current of hydrogen and the 1^^ 
in a stream of either chlorine or bromine- 

.... — > - 
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toiae, nitrogen, hydrogen, oxygen, helium, and traces ot argon the 
broken atones containing the most gas. The mineral has bee* found 
byGocke! to be rad.oact.ve (Ahstr., 1909, ii, 950), and ho conceded 
that thorium was present This element has, however, not yet been 
detected iti any ot the author s specimens. Y S P 

Physical and Chemical Properties of some Varieties of 
Antimony Trisulphide. Vito Zam {BuU. Acad. ray. Mg 1909 
1169—1182. Compare Guiuchaut and Chretien, Abstr, 1904 ii’ 
538, 568, 644).— The varieties examined were (1) the orange-red form 
produced by precipitation; (2) the greyish-black form obtained by 
heating the orange-red modification, and (3) natural stibnite. 

The conclusions arrived at are (a) that all three forms have the 
formula Sb 2 S 3 , and ( b ) that their specific gravities are 4*1205, 
4-2906, and 4*6353 respectively. The first form gradually changes 
into the second on heating, and determinations made in various ways 
agreed in indicating 217° as the temperature at which transformation 
to the second form occurs with the development of heat. The changes 
of weight observed on heating the orange-red sulphide at about 100° 
are not due, as generally supposed, to loss of water, but to secondary 
reactions involving first the absorption of oxygen, then the loss of 
sulphur dioxide, and the eventual production of some metallic 
antimony. Stibnite seems to differ from the second form only in 
specific gravity, T. A. H. 


Ml neralogical Chemistry. 


Mineralogy of Franklin Furnace, New Jersey, Charles 
Palachl (Amer, J. Sci., 1910, [iv], 29, 177— 187).— Armopyrite, 
brilliant crystals from limestone, gave anal. I (by E. C, Sullivan). 
The associated iron-pyrites contains about the same proportion of 
cobalt, but t-be associated pyrrhodte contains no cobalt and only 
a trace of nickel : 


Fe. Co. As, S. Total. 

I. 32*48 1*18 48*72 18 80 l 01 ’ 16 


fluorite, pale red and granular, the matrix of franklinite grains, 
gave II (by G. Steiger). The deficiency is probably fluorine, but even 
then there is not quite enough for the formula CaF 2 : 


Ca, Mg. 

II. 5V21 0-24 


Fe. Mn. A!. 

0*27 0*09 


F. C1,C0 4 Total, 

-is *85 nil 97*84 


Mmgam&Ue (III, by G. Steiger) forms a granular aggregate 
franklinite and zincite; the irregular grains are dai'k green ana 
a cubic cleavage, being emerald-green in thm flakes; U j 
formula MnO. This rare species has previously been found 
in Sweden. 

16-2 
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GahnxUy variety dysluite (IV, by W. T. Schaller), large crystals 
from Sterling Hill; D 4*56. 

Franklinite (V, by W. T. Schaller), r.mall crystals of cubo-octahedral 
habit and adamantine lustre, and showing a deep red colour on edges 
or where splintered ; P 5 09. 

HetcerolUe (VI, by W. T. Schaller); under the* microscope it is seen 
to be tetragonal with indistinct prismatic cleavages ; I) 4 85. This 
hitherto doubtful mineral may be described as a zinc hansmannite, 
Zn0,Mn 2 0 3 (hausmannite being MnO t Mn 3 0 3 ). 

Pyroxenes : jeffersonite (VII, by G. Steiger) and sehefferite (VIII, 
by W. T. Schaller). 

Btmenlite (IX, by G. Steiger) is orthorhombic with three pinacoidal 
cleavages. The water is expelled only at a red-heat, and the formula 
H 6 Mn 5 (Si0 4 ) 4 shows a relation to tephroite (Mn 8 Si 4 0 M ). 

Friedelite (X, by W. T. Schaller), scales and indistinct, tabular, 
rhombobedral crystals. Formula H g (MnCl)Mn 7 (Si0 4 ) t; , or, perhaps, 
H Z0 (MnCl)Mn l4 Si w O 49 . . . 

Yemvianite, variety cypnne (a 1, by u. oteiger), bluish-green, 
fibrous ; 1) 3*451 ; formula H 8 (Al,Fe) 6 Ca 12 Si 10 O 45 . 

Cwjridine (XII, by C. H. Warbew), glassy, white, crystal i ragments ; 
D 2'965 — 2-989 ; formula CagSi(0,F s ) 4 . This species has hitherto 
been known only from Vesuvius. 

Total 

H-/) 1 1/) (1^5 

yiO.,. AI-jO a - Fe/> 3 . >’eO MnO. MaOj. ZnO. CaO. MgO. (105*).(>IOV|. F. Ofur F.) 

in> _ _ H453 1*30 3*41 — 011 038 0*49 - 100'ti 


IV. 1*47 

47*27 

l>*90 

_ 

0 93 - 

V. - 

- 

66*58 

- 

fi'96 — 

VI. 1*71 

_ 

0*77 

— 

60*44 

VII. 49*08 


4*22 

3*05 

7 '91 — 

VIII. 49'SO 

11*20 

l-4<> 

1 61 

9*69 — 

IX. 38 30 

0*96 

on 

4 94 

39-22 - 

X. 34 *09 

— 

— 1 45 

4^*00 — 

XL 86 41 

17*35 

1 

•S'l 

1 75 — 

XII. 3*2 36 

— 

— 

— 

0 71 — 


* Including COfi. 0*38. t State of oildition 
Na-p, 0*0; COj, 0 43. J Including Cl, 3*43. 
KaO, 0 60. * iTichidinp Na*/<4, 0*4s; K*/>, 0*21 


$710 

1*01 

109 

1**21 

— 

100*30® 

20*77 

048 

0 34 

07 

1 

“ 

9D-511 

3343 

_ 

_ 

2*47 

1-42 

- 

100 21 

714 

19 88 

5 *SI 

0*60 

0*7i> 

— 

100*14 

trace 

21 07 

12’35 

1*55 

1*31 

Cl 31 

09*801 

2 93 

0'$2 

335 

0 60 

8 01 

— 

99*70 

105 

0*6$ 

0*98 

1-94 

9*08 

- 

100 451 

1*74 

33*21 

rss 

0-24 

3*51 

0 36 

10006: 


61 ’37 

— 

-• 

— 

9*05 

l'J0'431 


of iron ami manganese not known, J Including 
II lncludiug CuO, l'S5 ; PbO, trace ; Xa : 0, 044; 


Crystallographic descriptions are also given of zmcite (a:c= 
1:1-5870); nasonite (hexagonal, « : c = l : 1 3167) ; glaucochroite 
(a ; ^ : c = 0 4409 : 1:0*5808); willemite (a : c = 1 : 06612) ; datohte; 
humite, and ieucophcenicite (« : b :c= l 1045 : 1 : 2‘31o5 ; 

Ninety-three species of minerals are recorded from this oca 1 b 
several of them now for the first time. * 


Biamite. Wauiemar T. Schaller and Frederick L. IUesm 
timer. J. Set., 1910, [iv], 20, 173-17_6).-BiamiW occurs m the 
oxidised zone in several mines in the Goldfield district of ^ ev * 
has the form of minute, pearly scales, with a brilliant, «l«n<» ‘ 
lustre and a silvery whiteness. It encrusts the 
limouite and quarts, and has been derived by th ® * lte | 
bisuiuthinite (Bi,S,). Under the microscope the > tbm, ' 
scales el ow a hexagonal outline with triangular marking 
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and a negative uniaxial interference- figure ; there is a perfect basal 
cleavage- The crystals are therefore rhombohedrai, a :c= 1 : 0*5775. 
(Artificial crystals of bisfeiuth .trioxide are orthorhombic.) Analysis 
of material mixed with much gangue (mainly quartz) gave : 

H 2 0 (loss on ignition). Fe 2 0 3 . Insoluble in HC1. Total. 

17*04 3**96 0*36 78 94 100*30 

These results indicate that the crystals are either bismite (Bi. 2 0 3 ) or 
a, hydrous bismuth oxide. If the latter be the case, the mineral is a 
new species (providing, of course, that Bi. 3 0 3 is the correct formula for 
bismite or bismuth ochre). L. J. g. 

Variety of Cobaltiferous Calcite from Capo Calamity Elba. 
Federico Millosevich ( Atti R . Accad . Lincei , 1910, [v], 19, i, 

gl 92). — -The author describes a sample of vivid red calcite occurring 

in crystalline masses on a limonitic and partly magnetitic rock. It is 
slightly harder thau normal calcite, has I) 2*75, and has the following 
composition : 

CaO. CoO. FtsO. MgO. JInO. C0 2 . Total. 

5441 1*27 0*15 0*27 trace 43 55 9965 

which corresponds with: CaC0 3 , 97*16; CoCO s ,2*02; FeCO.,, 0*24, and 
\r„m 0*56. The name cobalto-calcile is given to the mineral. 
h * T. II. P. 

The Plumboniobite Earths. Otto Hauser (Ber., 1910, 43, 
417 _ 41 9).— Spectroscopic examination of the plumboniobite described 
in. a previous communication (Abstr., 1909, ii, 676) shows, that the 
formula therein given must be modified to &. 2 Cb 2 O r ,R 4 (Cb^O*),,, 
where R" represents Pb, Fe, TJO, and Ca, and R represents 

Y, Gd, Yb, and Al. T. S. P. 


A Uranium Ore from German East Africa. Willy Marck- 
wald (Land*. Jnhrb,, 1909 , 38 , Brganz. band V., 

Festschrift).— An account of the methods employed, with the tabulated 
results of the analysis of a mineral found m Germnn ®a~t ^ Afnca 
containing 80—90% uranium oxides (UO,=454 UO, „ 3 } J°> .? nd 
7—8% lead oxide (PbO). 

Minerals from the Pegmatites of Madagascar. t-oora f P i PA * 

E. Sabot, and M. Vow (** »•. A* “ *V „V n.J abeafe 
62— m— The pegmatite veins in the neighhoiirhiwd of A « • b ^ 

intrusive into quartzites and oipolins; they K>n51! _ , 

and ortboclase, with some mica and various 

maline, beryl, spodumene, garnet, etc.) in largo crystals of gem 
quality. Usually the pegmatite 18 “ uch . vel | 0VT 0P brown in 

Spessartite (anal. I), of gem-quahty and index (Na). 

colour, occurs in pegmatite at Kua > > 

“erlfe (anal. II) was found a, irregular fragment, in the 
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micaceous quartzite of the Ibity range ; refractive indices, o = 1*53958 
£=1-54516, 7 = 1*54853. 

Loss on 

SiOy A1.,0 3 . Fe. 3 0 3 . Fe0 * Mn0 * Ca0 * M K°* Ti0 a* ig^on. Total. Sp. gr> 

I. 3576 21 06 1*78 — 39*40 1-23 0 46 0 10 — 99*79 4 OfiSS 

II. 49 05 33 08 0‘83 4 38 — — 11 '04 — . 1*64 100-02 2 5933 

Crystallographic descriptions are also given of large zoned (red and 
brown) crystals of tourmaline from several localities. These crystals 
are optically biaxial with a small axial angle ; refractive indices are 
given. L- J. S. 

Chemico-physical Investigations and Analysis of the 
Iron- and Arsenic containing Water of Roncegno. Pyaffaelo 
Nasini, Mahio Giacomo Levi, ami F. Ageno ( Gazzetia , 1909, 39, 
ii > 481— 512).—The results of the authors’ chemico-physical measure- 
meats on this water are as follows; D‘f 1*00293; freezing point, 
0*1 0° ; osmotic pressure, P— 1'205 atmos. ; specific electrical con- 
ductivity, A' 25 - 000453; radioactivity, intensity of saturation 
current.,* /- 167*8 x 10‘ 15 amperes. The large amount of arsenic 
renders the full analysis interesting. The dissolved matter, in grams 


per litre, is as follows : 


CuO. 

Ft*0. 

FeJJ,- 

ALO* 

MnO. 

XiO. 

CoO. 

0-01463 

0-01006 

1 *21*230 

0*2667 

0 0-01952 

0-00325 

0*00293 

CaO. 

MgO, 

Xa..O. 

K 2 0. 

SO-. 

SiO.j. 

PA* 

0-5S919 

0*11400 

0*01109 

0*0032 

5 3*53880 

0*13160 

0*00740 






Residue 

Rf’sidue 

As«O a . 

AsoOj. 

X Ha. 

Cl. 

Li a O. TiO,. 

at. 100^. 

at ISO'. 

0 00350 

0*05744 

0 00027 

0*00007 

Tract*. Tra-c* 

. 7*1610 

6 "5500 






T. 

[{. 1>. 


Physiological Chemistry, 


Narcosis and Want of Oxygen. II. The Effect of De- 
nrivation of Oxygen on the Resting Current of Frog s Skin. 
G Mandfif.i.d (1‘Jliigers Archiv, 1910, 131, 457— 464).— Alcock fc 
Bhown that narcotics of the fatty series abolish or lessen thesecretio 
current of the frog’s skin, but. only if the narcotic is applied tc > its 
outer surface. Deprivation of oxygen acts in exactly the same w.y, 
and ;thia is considered to support the theory that the narcotics ■ 
question produce their effects by lessening the supply "N'k 0 • 
the cell lipoids. 

Gaseous Metabolism of the Dog’s Heart during V»gus 
Inhibition. J. M. WoLraomt and L. VY. Kktho> [I roe. 
phynol. .Voc, 1909, 25-26 ; Amer. J. Physiol ., 26)--^ 
blood were analysed by the use of t he mercury pump, and Barcra 
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Dixon's results were confirmed that vagus inhibition lessens the oxygon 
absorbed and the carbon dioxide produced, the latter being the* more 
marked. w. D. H. 

The Inhibition of Soap Haemolysis. Wilhelm Meyerstein 
{Arch. exp. Path. Pharm .,1910, 62, 145-155). -The hemolysis pro- 
duced by soaps is inhibited by cholesterol ami also by two other lipoids, 
kephalin and cerebron, Sodium stearate and palmitate, which possess 
hemolytic properties, increase the hcemolysis produced by sodium ohate. 
Alcoholic extracts of organs inhibit haemolysis produced by soaps and 
by saponin. Dissolved red corpuscles protect other red cells from 
the solvent action, probably by the fact that lipoids are liberated. 

W. L). H. 

Observations on the Inhibitory Influence Exerted by 
Hypertonic Saline Solutions and Calcium Chloride Solutions 
on the Action of Specific Haemolysins with Suggestions as 
to the Therapy of Blackwater Fever. W. D. Sutherland and 
David McUay {Bio-Chtm. J., 1910, 5, 1—32).— In blackwater fever 
the corpuscles are more vulnerable than in the normal state, and the 
liberation of haemoglobin is due to a hemolysin. Salts which 
decrease the number of inorganic ions in the plasma are recoin mended, 
for such salts to a large extent inhibit hemolysis hi vitro. The intra- 
venous injection of a mixture of sodium chloride and calcimn chloride 
is recommended. W. D. H. 


Action of Biotoxin on Blood. Francesco Marino-Zuoo and 
L (jriUGANixo {Gazzetfa, 1900, 39, ii. 38(5 — 616). — Further experiments 
ou the fcoxiu previously described (Abstr., 1904, ii, 754) give the 
following results. The biotoxin, as the authors term it, has an 
energetic poisoning effect on the blood, its action, which cun 1)0 
followed by means of the spectroscope, being as follows. The 
oxyhemoglobin is resolved by the action of the enzyme into two 
principal substances, one of which has a protein character and contains 
all the iron of the haemoglobin, the other being a non-protein pigment 
which is apparently analogous to the colouring matter of the bile and 
exhibits a spectrum characterised by a band in the red, A == 650 632, 
and another between the blue and green, 520 — 490. Ihis action 
on the blood pigment is so sensitive that, by means of the spectroscope, 
the presence of one five-millionth (1/5,000,000) of the biotoxin in 1 c.c 
cf 10% defibrinated blood solution can be recognised. In small pro- 
portions the biotoxin occurs in circulating blood, its presence being 
demonstrated, not only by direct extraction, but also by the c i.anges 
taking place in sterilised blood solutions wnen these aie tnainminu 
for three months at 40— 4 P (the optimum temperature of the t nxm) 
or for a longer period at the ordinary tcmpcratuie. 1 < i . 


Influence of Alcohol on Metabolism* Lafayette 
and Warren W. Hildituh (Proc. Amer. physiol, hoc., 
Amcr. J, Physiol 25).— The most marked result ot 
revealed by urinary analysis is to increase the amount 


15. Menu el 
1909, 11 ; 
alcohol as 
of purine 
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substances. “Protein sparing" so frequently observed before wa 8 
also shown to occur, the paucity of the results indicates that the 
body can maintain its catabolic functions along norma] channels’ 
despite the interference of toxic agents, a factor of safety hem* 
present. In the more marked conditions of alcoholism, conjugated 
glycuronates may be excreted both in men and animals: these 
disappear with the cessation of the intake of alcohol. 

W. D. H. 

Relation of Pancreas to Sugar Metabolism. Wesley X 

Baldwin ( Proc . Amer . physiol. Soc ., 1909, 21—22; Amer. J. Physiol. 
25). — Experiments with the muscles and pancreas of cats, frozen solid 

by liquid air ar.d then powdered, show that when extracts are made 

the presence of the pancreas increases glycolysis in an alkaline 
medium, and thus the original statements of 0. Colmhcim are 
con tinned. W. D, H, 

Digestion of Inulin. H. Bieery (Compt. rend., 1910, 15 Q ; 
116 — 118). — In tho higher animals, transformation of inulin is 
effected by the hydrochloric acid of the gastric juice, and is not, duo to 
the presence of a soluble pancreatic ferment, The pancreatic juice 
of tlogs is incapable of effecting hydrolysis. Tho gastrointestinal 
secretion of Helix pomalia , however, slowly hydrolyses inulin with 
formation of lasvulose. W. 0. W, 


Effects of Carbohydrates on the Artificial Digestion of 
Casein. Nellie E. Goldthwaite (/. Biol. Chem 1910, 7, 69—82). 
— Carbohydrates retard the digestion of caseinogen in vitro, in 
proportion to the amount added. W. I). H. 


Chemical and Bacteriological Study of Freeh Egg?. MaryE. 
Pennington (/. Biol. Chem., 1910,7, 109 — 132). — In fifty-seven eggs, 
seven only were sterile ; in the remainder, bacteria, of which thirty-six 
varieties were identified, were present both in white and yolk. The 
chemical data relate mainly to nitrogenous compounds in both white and 
yolk— nitrogen coagul. able by heat, in filtrate, in tannic acid precipitate, 
etc. These details are given in numerous tables. W. D. H. 


The Phosphorus-content of Growing Dogs. Alexa.vdeb 
Lirscnl'TZ (Arch. exp. Path. Pharm., 1910,02, 210 — 243).— In growing 
doge, restriction of tho diet to rice and white of egg leads to a rela- 
tive “ phosphorus hunger," tho body containing only from one-sixth 
to one-fifteenth of the normal amount of phosphorus. This diet, poor as 
it is in phosphorus, leads to changos in the skeletal system siimHr to 
those found in the bones in 4 ‘ Barlow’s disease," and to a slower rate 
of growth than normal. W . 

Irregularities of the Mammalian Heart under Aconitine. 
Arthur K. Cushny (Heart, 1909, 1, 1-22).— From experiments oi 
dogi, in which aconitine in 0'05 mg. doses was injected mtravenoiw , 
it was fmind that seven! forms of cardiac irregularity could iw P - 
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duC ed, among which impaired conduction through the tiuriculo- 
ventricular bundle may be mentioned. Aconitine has a greater 
tendency to cause pulsug alternants than most other poisons. 

W. D. H. 

Influsnc© of th© Pancreas on the Glycolytic Power of 

Muscle. G. 0. E. Simpson ( Bio-Ckm . 1910, 5, 126 142). By 

incubation of muscle juice or extract, especially in the presence of 
pancreatic juice, large amounts of reducing substances are formed, 
possibly from glycogen, but more largely from autolytic or tryptic 
digestion of the muscle plasma. The nature of these snhstances has 
still to be investigated. The difficulty of maintaining asepsis is, 
however, almost insuperable, and the difficulty of estimating sugar in 
the presence of large amounts of proteins leads to great experimental 
error. So far as observations are possible under these limitations, 
the glycolysis obtained by the combined action of pancreatic and 
muscle juices is believed to be not, as a rule, greater than the sum of 
the actions of the constituents of the mixture. W. I). If. 


The Silicic Acid in Whartonian Jelly. Hugo 8ciiulz 
(Pjlugcr's Archiv , 1910, 131, 447— 456).— Frauenberger (Abstr , 
1908, ii, 969) having thrown doubt on the statements of the author 
regarding silicic acid in the Whartonian jelly of the human umbilical 
cord, the experiments in question have been repeated, anil the results 
are practically the same as in the previous investigation (Abstr., 1902, 
ii, 275), namely, that the jelly contains 4*% of asb, not tl’6% as stated 
by Frauenberger, and that 1 kilogram of the dried jelly contains 
O' 24 gram of silica. W* 1). H. 


The Parent Substance of Glycogen. Eduard Pfluger and 
Peter Junkkrsdorf. Postscript. Eduard Pfluger. Influence 
of Phloridzin on the Sugar in the Blood. Peter Junkersdorf. 
Estimation of Glycogen in the Tortoise’s Liver. Komid 
Pfluger ([ l /lug<ir’s Arrjn'v, 1910, 131, 201 — 301,302 30e, 30) • 3, 
311— 316).— The first paper contains protocols of over 150 experi* 
ments on dogs. The liver was rendered almost free from glycogen 
by means of phloridzin and inanition ; but twenty -four lours ater, 
if no more phloridzin is given, the liver may contain as much as 
3% of glycogen ; the mean percentage in thirty-eight experiments was 
1-1%. If cod’s flesh is given, the percentage rises enormously, and 
the conclusion is drawn that this is not a spiring p ien T^ e 5 
neither is the glycogen derived from fat, pio -em. \ ’ 

this is regarded as the first Solute poof ; < tho «W>> of »r bo- 
hydrate from protein. Excessive doses of proMu food do not 
increase the percentage of glycogen so much as mourn e ' . ' 4 
Lathe postscript, a few experiments given 
glycine may act as a parent substance of glycogtn, 
repeated on a larger scale. . » known f act that in 

The third paper confirms the previously 1 hi ghrr 

phloridzin diabetes the amount of sugar in e 
than normal : it may be lower. 
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Pfliigdr’s method of estimating glycogen has been tested already in 
thousands of cases ; the tortoise’s liver, however, does not lend itself 
for certain unexplained reasons, totlje method.; in this case, therefore* 
reliance has to be placed on a previous method which is not so exact ’ 

w. d. H ; 


Physiology of Lymph. X. The Comparative Electrical 
Conductivity of Lymph and Serum, and its Bearing 0n 
Theories of Lymph Formation. A. B. Luckhardt (.-l/wer. j 
Physiol., 1910, 25, 345 — 353) —Several observers have stated that 
lymph contains more chlorides than serum ; this is confirmed by the 
electrical conductivity method. The serum is certainly richer in protein 
than lymph, but the increase of protein (as shown by experiments on 
white of egg) is inadequate to explain the lesser conductivity of the 
former fluid. : Fat. droplets in the chyl depress tiie conductivity of 
lymph. A 10% increase in the amount of sodium chloride in physio 
logical saline solution produces an effect on conductivity comparable 
to that seen in comparing lymph and serum. The excess of chlorides 
awaits explanation, and is not compatible with purely mechanical 
theories of lymph formation. ^V. 1 ). H. 


Physiology of Lymph. XI. The Fractional Coagulation 
of Lymph. Herbert O. Lussky (Amtr. J. Physiol, 1910, 25, 

354 — Lymph may coagulate in successive crops of fibrin; 

this will depend on the amount of thrombin present. In lymph 
the conversion of prothrombin into thrombin by calcium appears 
to occur very slowly. A small yield of fibrin with a small amount 
of ferment in a given time is no proof that thrombin is cot. an 
enzyme, as Hettger (Abstr., 1 909, ii, 680) considers. The time factor 
was neglected by this observer ; after the lapse of a longer time, as 
much fibrin may be formed as in other specimens is formed hy 
larger amounts of the enzyme in a shorter time. W. D. IT. 

Presence in Cow’s Milk of an Anseroxydase and a 
Catalase. J. SartiioU (Cornet, rend., 1910, 150, 1 19 — 121. Compare 
this vol, ii, 57 )— Polemical against Bordas and Tonplain (!oc.eit.). 
The author quotes the results of experiments which appear to show 
that the catalytic actions brought about, by filtered milk aic 'Ice, not 
to casein, but to lactic ferments. 


Reactions of Curdled Milk due to the Colloidd 
State. FnfcD. Bobpas and F.. Tov plain (Compt. reml, inV, m 
341 — 343 . Compare tlii- vol., ii, 57).— The authors consider that we 
reactions of curdled milk, hitherto attributed to the presence of cj:zyrne>, 
may be explained by the colloidal stab* of the casein. \, S °L 

tions of ferrous oxalate or ferric lactate arc found to guc, ai « 
catalytio reactions of curdled milk, decomposing hydrogen 1 
example, and developing a blue coloration with ^phonylenedwm ■ 
Curdled milk which has been heated to 110° and cow oi gj 5 
reaction with these substances ; if, however, the casein is r _ 
very finely-divided state by allowing a jet of the liquid under »r* ' 
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of 300 atmospheres to impinge on an agate p] ate , it becomes ehdoverl 
trith marked catalytic properties. ™ aowe(l 

VV . 0 . W. 

The Phosphorus in' Faeces. ’ Auxasdeh LipsciiSw. /,„ , 

Fa »h. mrm., 1910, 62 244-252).-^ normal tZ T' ttZ 
animal (dog and man) are poorer in phosphorus than in the adulf 
condition. ^ * 

The Degradation of Fatty Acids in Diabetes mellitus 
Julius Baek and Leon Bluji (Arch. exp. Patl, Pham 1910 RO 
,39-138. Compare Abate 1908, ii I057).-It has been sho«n 
previously by the authors that the administration of butyric acid 
hexoic acid, /J-methy l butyric acid, /?-et-hylbutyric acid, leucine, phenyl- 
alanine, and tyrosine to diabetics causes an increase of /3-hydroxy butyric 
acid, and members of that group in the body that constitutes acidosis 
Stress is laid on the importance of the ^-position in the substances 
given. The present research relates mainly to leucino ; J-Uu-ino 
produces no effect, but the naturally occurring Meucitie is effective in 
the direction above indicated. Eiabden states that by perfusing the 
liver with rf-leucine, acetone formation is observed, and" tJiat thi/does 
not occur with Meucine. These experiments were repeated, but no 
barked difference could be observed between the two isomcrides. 

W. D. K. 

Formation of Glycogen in the Liver of Tortoises with 
Pancreatic Diabetes. M. Nism {Arch. exp. Path. Phono. t 11)10, 
62, 170 — 179). — -The blood of normal tortoises contains do reducing 
substance ; total extirpation of the pancreas leads to intense glycicmia 
and glycosuria ; in this condition perfusion of the liver with a solution 
of dextrose loads to glycogen formation there as in normal animals, 

W. D. H. 

The Production of Sugar from Amino-acids. A. L Rigger 
and Graham Lusk ( Proc. Amer. physiol. Soc. . 1909, 19 ; .1 mcr. J. 
Pkysiol., 25), — Both glycine and alanine administered to dogs suffer- 
ing from phloridzin glycosuria are completely converted into sugar; 
and three of the four carbon atoms in aspartic acid, and three of the 
five in glutamic acid, are similarly convertible into dextrose. 

W. D. II. 

Phloridzin Glycocholia. R. T. Woodyatt (J. Biol, Ckcm., 1910. 

7, 1,33 — -136). — The administration of phloridzin leads to presence 
of sugar, not unly in the urine, but- also in the bi'e; its action is, 
therefore, not confined to the kidneys. W. D. H. 


Acapnia and Shock. V. Fail tire of Respiration after 
Intense Pain, YandEll Hfndciison (Aw J. Physiol 1910, 25, 
38o — 402, Compare this vol., il, 137). — A continuation of workaloog 
the same lines as in previous papers. The point specially insisted on 
is that serious and even fatal apncea may be a result of intense 
pnin, and a case in support of this vie™, in & man, is recorded. 

1 * \V. J). II. 
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* Antagonistic Action of Barium and Magnesium, j) 0l( ^ 
Joseph and Samuel J. Meltzer ( Proc . Amer. physiol. Soc. t ijW 
17—18 ; Amer. J . Physiol. , 25).— {a rabbits, 1*2 grams of magnesi UlI J 
sulphate per kilo, of body-weight are fatal. It bas been previ 0Qs u 
shown that these effects are antagonised by calcium salts. The effect 
on the respiration is also antagonised by barium salts, although the 
animal remains amesthetised and otherwise paralysed. The same 
dose of barium chloride alone is fatal, so that the toxic effects 
of barium are antagonised by magnesium. W, D. 

The Increase of Susceptibility to Adrenaline Produced hv 
Cocaine. Alfred Fr6hlich and Otto Loewi (Arch, exp . 
Pharma 1910, 02, 159— 169).— Small inactive doses of cocaine increase 
markedly the intensity and duration of the effects of adrenaline on 
the blood-vessels, eye, and bladder. The combination of the two is 
therefore recommended for therapeutic use. \V. 1). H, 

Fate of Sodium Benzoate in the Human Organism. Hess? 
D. Dakin (J. Biol. Chem. t 1910, 7 , 103 — 108). — Sodium benzoate in 
doses of 5 to 10 grains a day for two or three days is wholly elimia, 
ated in the urine as bippurie add. The increase of glycnronic acid 
derivatives is trilling. These results confirm tho>e of Lewinski 
(Abstr., 1908, ii, 51 S ; 1909, ii, 820), and are in opposition to those of 
Brugsch and Tsuchiya (Zeilsch. eept, Palft, Th/r., 190'J, 5, 937). An 
improved, method of hippuric acid estimation is described. 

W. D. H. 

The Action of Ether on the Circulation. K. H. Kmblf 
Chan. J ., 1910, 5, 79 — 93). — Ether administered with plenty of air 
lowers the blood-pressuro ; in high concentration it paralyses the heart 
muscle. It stimulates the inhibitory mechanism of the heart, and 
relaxes the arterioles. It is in every way safer than chloroform. 

W, D.H. 

The Chemistry and Bio-chemical and Physiological Pro- 
perties of a Sapo-glucoeide obtained from the Seeds of Bassia 
Ion gi folia (Mowrah Seeds). Benjamin Moore, Miss S. C. M, 
Sowton, F. W. Baker- Young, and T. Arthur Webster (Bio-Chm. 
j pjio, 5, 91 — 125). — The sapo-glucosido in question is named 
moiorin. Directions for its isolation aro given ; on hydrolysis, it 
yields motcric acid , furfuraldehyde, and dextrose. It is very toxic, 
and workers with Mowrah meal suffer from virulent cellulitis of the 
hands and feet. Details are given inter alia of its hsumolylicartion, 
and of its action nn the heart; in the latter relation it resera 
drugs of the digitalis group. 1 

Comparative Action of Stovaine and Cocaine as Measured 
by their Direct Effect on the Contractility of Isolated Muscle. 
Victor H. Vxlby and Augustus D. Waller (Proc. Hoy. ^c. t ui . 
B } 82, 147— 151).— Stovaine, methylstovaicc, and cocaine > 

approximately equal affinity values as measured by the metny 1 -or g 
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and borax precipitation methods. Measured by Waller’s method the 
tosicities of these drugs to plain muscle are also equal. G. S W 

Toxicity of Thallium Salts. Robert E. Swain and W. G 
Bateman (J. Biol. Chem. } 1910,7, 137 — 151). — The toxicity of thallium 
salts has been a matter of divergence of opinion. The present experi- 
ments on numerous species of animals show that it is among the most 
toxic of the elements. The symptoms closely resemble those of 
uraemic poisoning, but the kidneys so far examined show no very 
severe changes. w. ^ 

Mercury and Hirudin. Mlle. Gustav a Prussak {Arch. exp. 
Talk Pharm.y 1910, 62, 201— 209).— The toxic action of mercury 
(given as sublimate) is much increased by the administration of 
hirudin ; the minimal lethal dose of the former is thus lessened. The 
same symptoms and pathological appearances occur as when the blood 
is not rendered incoagulable by hirudin. W. R. H. 

Oobra Poison and Haemolysis. Ill, IvARBANG(j?iWicm. Zeiisck, 
1910, 23, 463—498. Compare Abstr., 1909, ii, 681).— Although pure 
lecithin has no influence on the luemolysis produced by cobra venom, 
it is shown that commercial lecithin acts as an activator under a 
number of different experimental conditions. This is explained by 
the hypothesis that the membrane of the corpuscles is rendered more 
permeable to salts, especially to their acid constituents, the lecithin 
combining with the alkali. It is further supposed that there are 
two receptors, and that the poison reacts with the second receptor in 
the presence of lecithin; it is this which renders the lipoid membrane 
permeable. W. D. H. 


Chemistry of Vegetable Physiology and Agriculture. 


Assimilation of Carbon by Bacteria which Oxidise Hydrogen. 
A. J. Lebedeff ( Ber . deut. hot. Ges., 1910, 27, 598— 602).— t he 
development of the microbe employed in a solution containing minerals 
and nitrate is coincident with an absorption of carbon dioxide, 
hydrogen, and oxygen, aod a slight liberation of free nitrogen. e 
average result of about fifty experiments showed that for A0U c.c. o 
carbou dioxide used, 500 to 1500 c.c. of hydrogen were oxidised. I tie 
oxidation of hydrogen takes place, however, when carbon dioxide i* 
absent, the hydrogen and oxygen being absorbed m the relation 

H 2 : 0, = 2. . , f 

In the autotrophic assimilation of carbon dioxide, t e ' 0 
oxygen liberated is equal to that of the carbon dioxt e. 
is the same as that which takes place in green plants. 
absence of free oxygen the process is slow. 
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Cellulose as Source of Energy in the Assimilation of Atm 
spheric Nitrogen. Hans Pringsheim (Centr. Baht. Par. t 1$)iq °. 
26, 222 — 2*27).— Clostridium, in conjunction with organisms 
decompose cellulose, gives better results with cellulose than Clostridiu 
alone with dextrose, sucrose, starch, lactose, or mannitol. The amount 
of nitrogen fixed depends on the concentration, being higher, per oj 
of substai-ce fermented, the lower the concentration. With Clostrid 
+ methane fermentation, the amounts of nitrogen fixed were 10*4 ai)( j 
5’4 mg. per gram with 0‘5 and 1%, whilst with Clostridium + hydro? 
fermentation the amounts were 8’3 and 1'1 mg. respectively. 
bacler + methane fermentation gave 4*5 mg. nitrogen per gram fO-5^ 
cellulose). N. H. J, M 0 

Agar-Agar as Source of Energy in the Assimilation of 
Atmospheric Nitrogen. Hans Pringsheim and Ernst Prixgsheih 
(GYw/r. Baht. Par., 1910, ii, 227 — 231 ). — Id a solution containing 0 2 ,y 
agar and 0 04% dextrose inoculated with Bacillus gelaticus + Clostridium 
Americanuni , 26 6 nig. of nitrogen were assimilated per gram of agar 
whilst with a similar solution containing 0*005% of ammonium phos- 
phate instead of dextrose, the amount of nitrogen fixed was 15*4 
per gram. Two experiments, in which solutions containing (1) 0’o% 
agar and 0‘1% mannitol, and (2) the same proportion of agar and 0*04% 
mannitol, were inoculated with B, gelations + Azotobader chroococcum 
resulted in the fixation of 14 and 6‘S mg. nitrogen respectively. 

The results are of interest as they account for the origin of the 
nitrogen required by the vegetable and animal organisms in the sea. 
Benecke and Keutncr ( Ber . deut. hot. Ges. } 1903, 21, 333) showed that 
both Azotobader and Clostridium occur in sea-water, and the present 
results indicate that the agar present in the red and brown Algae is 
rendered available as source of energy with the help of Bacillus 
gelaticus, N. H. J. M. 

Ammonia and Nitrates as Sources of Nitrogen for Mould 
Fungi. G. Hitter (Ber. deut. hot. Ges., 1910, 27, 582 — 588].— The 
assimilation of ammonia by mould fungi is the more complete the 
weaker, aud less poisonous, the acid liberated from the salt, and 
the development of the fungi on nutritive solutions containing 
ammonium salts is in direct proportion to their power of resisting the 
action of free acids. 

Aspergillus uiger and Rhizopus nigricans liberate considerably more 
acid than the amount which permits the germination of their spores, 
whilst with submerged fungi, such as the Mucoraceae, the amount of 
acid produced tends to be below the limit. 

Aspergillus glaucus , Mncor racemosiiSy and Cludosporium lierharM, 
which are termed “nitrate ” fungi (Laurent, Ann. Inst. Badeur, 

2, 593, and 1889, 3, 362), develop at least as well, and in P art 
better, when supplied with ammonium salts as with nitrate. 
Rhizopus nigricans , Mucor viucedo, and Tkamnidium eleyans do not 
assimilate nitrates appreciably. N. J. 
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production and Utilisation of Nitrous Oxide bv Bacteria 
Bruno Tacke (Oerttr. Bald. Bar., 1910, ii, 26, 23fi 7 Compare 
Beyei'inck and Minkmann, ifoU, 25, 30). -The author refers to •< 
previous paper (Landw. Jahrb., 1 887, 16, 9 17) in which lie showed the 
production of considerable amounts of nitrous oxide in denitrification 

experiments. 

Nitric oxide may also be produced in considerable quantity. An 
experiment in which beet was fermented in a vacuum yielded so 
much nitric oxide in eight or ten days that red fumes were seen on 
opening the vessel. N. H. J. M. 


Influence of Depth of Cultivation on Soil Bacteria and 
their Activities. Walter K King and Charles J. T. Do kv land 
(. Kansas State Agric. Coll Bxper. Slat. Bui., 161, 1909).— Two plots, 
each 42 feet square, the one a silt loam, and the other a hue sand’ 
were divided into six sub-plots, the soil of which was stirred to the 
depth of two, four, six, eight, and ten inches respectively, one sub- 
plot being left undisturbed. Samples were frequently taken, and 
the number of bacteria determined. The temperature of the soil 
was recorded, and the amount of moisture in the first twelve inches of 
soil determined each time. 

The results showed that deep ploughing (eight to ten inches) increased 
the number of bacteria in both soils. It. also increased the production 
of ammonia in the soil, whilst denitrification was decreased. The 
maximum number of bacteria was found within the fifth and sixth 
inches. 

An excess of moisture in the soil reduces the number and 
diminishes the activity of the bacteria. There are, however, more 
or less regular periods of increased and diminished bacterial life and 
activity, to some extent independent of moisture and temperature, 
and due, perhaps, to the presence of bacterial by-products. 

N. H. J. M. 


New Theory of Alcoholic Fermentation, R. Kussebow 
[Centr. Bakt. Bar., 1910, ii, 26, 184— 187).— The theory is essentially 
is fallows : The yeast, requiring oxygen, reduces the sugar to a 
liexahydric alcohol, which decomposes into ethyl alcohol, carbon 
iioxide, and hydrogen. The nascent hydrogen causes a further 
[■eduction of sugar, followed by the decomposition of the alcohol, 
ind this continues until the sugar is used up or until the fermentation 
■s stopped by the oxidation of the hydrogen. 

Fermentation is therefore first brought about by the reducing 
iction of the living yeast cell, or by similarly acting organisms, 
whilst its continuation is purely chemical, depending on the p l eduction 
>f hydrogen. N. D. J. M. 

Action of Ultra-violet Light on Wine During “Ration. 
Jharlks Mad rain and G. Warcolliek {Compt. rend., 19 U, lou 
H3 — 344. Compare Abstr., 1909, ii, 752) -The sterilisation oi 

■vhite wine under the action of ultra-violet light takes p W1 
greater rapidity than in the case of cider previously studie . 1Us 1 
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layer of .wine, 1*7 mm. in thickness, is sterilised in thirty to sixty 
seconds when exposed at 4 cm. from a quartz mercury lamp, whiKt 
under the same conditions cider requires about fifteen minutes. 

W. 0. W. 


Causes Favouring the Formation of Acetaldehyde in 

Wine. Auguste Trillat (Bull, Soc. chim ., 1910, [iv], 7, 71 — 78). 

I ii previous papers (Abstr., 1909, ii, 429, 606, 607) the Author 
shown that wine contains acetaldehyde, And has directed attention 
to the important influence of this constituent in the “ageing,** 
“ yellowing,” and other changes which take place in stored wine. 
the present paper the conditions under which aldehyde is formed aie 
considered. 

It is shown that wine agitated with air, or merely exposed to air, 
produces acetaldehyde more rapidly than an aqueous solution of alcohol 
of the same strength. The amount formed varies with the temperature 
and the naturo of the containing vessel. Old wines contain more 
aldehyde than new ones. The amount of aldehyde is increased by the 
presence of yeast and other micro-organisms and by the addition 
of oxidising agents, and its formation is accelerated by iron (Abstr., 
1909, ii, 429). T. A. H. 


Germicidal Action of Metals and its Relation to the 
Production of Peroxide of Hydrogen. Allan C. Rankin (/Voc. 
Roij. Soc., 1910, B, 82, 78—87. Compare Barnes and Shearer, Abstr,, 
1908, ii, 344, 8*29).— The capacity of the pure metals, zinc, 

aluminium, and copper to destroy Bacillus coli suspended in an alkaline 
tap- water is associated with the coincident presence of oxygen and 
the solution of minute traces of the metals. 


The simultaneous liberation of hydrogen peroxide in the case of the 
first two metals, although easily recognised, is not sufficient in amount 
to explain the germicidal action. In the case of copper no formation 
of hydrogen peroxide could be detected. C. S. W. 


Disinfection by the Incomplete Combustion of Straw. 
Auguste Trillat (Compl. rend., 191U, 150, 339 — .541).— I he fumes 
produced during the limited combustion of straw in air owe their 
disinfectant properties to the presence of aldehydes and phenolic 
compounds. These appear to be produced by catalytic oxidation 
of alcohols, acetic acid, acraldehyde, etc., in presence of finely divide 
carbon. Formaldehyde, which has been roognised by its action 
on dimcthylaniline, is formed to the extent of 0002 to 2 giauis 
per kilo, of straw. The results of experiments on bacteria are given, 
from which it appears that the germicidal action is well marked wit n 
pathogenic organism-*, such as Bacillus roli conununis, but tia t e 
fumes are le 3 s efficacious in the case of more resisting bacteria^ ^ 


Action of Aqueoua Solutions of Electrolytes °p ® ern J*° a ' 
Henri Muheels (Hull. Acad. roy. Bely., 1909, lOio— )• 
first of two papers on the influence exerted by elect-ioy 
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germination of seeds. Wheat was used for the oxperimeats. The 
chief conclusions arrived at aro as follows: The osmotic pressure nf 
the solutions employed (W/10 p to W/L000) did cot influence the 
termination ; the greater difference between the effects on germination 
Xj 1 0 and A/100 solutions than between the effects of 'X LOO ami 
AM 000 solutions is due not to greater differences in osmotic pressures 
of the solutions, but to greater differences in ionisation ; the formation 
of root hairs is favoured by the presence of -X0 8 ions; the 
experimental evidence does not support the view that the growth 
of Qells is due to the osmotic pressure of cell sap. 

Wheat grains of about equal size were >oaked in water for twenty four 
hours, and then placed for a certain time on muslin lying in a solution 
of the electrolyte. At tho end of this time the seedlings were 
removed, and the progress of germination determined by measuring 
(1) length of first leaf; (2) length of radicle; (3 ) average weight of 
seedling. The last of these factors for single electrolytes is given in 
the following table : 


Concentration. 

NaC'l. 

K.UI. 

KN'O, 

KIIO. 

Ca;X0 3 )o. 

Xjl 0 

0 ' 1 3 -3 

0 130 

U T 16 


O l Jii grain 

at/ioo ' 

0'216 

0-235 

0-21U 


0*152 ., 

AVI 000 

0211 

0-211 

0-310 

0 2 JO 

0 221 „ 


Xj 100 solutions of potassium chloride and potassium nitrate are 
each more favourable to germination than mixtures of such solutions, 
whilst mixtures of sodium nitrate and potassium nitrate solutions 
(A 7 / 100) are more favourable than those of either salt alone. Previous 
investigations on the antagonistic action of sodium chloride to other 
salts (compare Coupin, Abstr., 1000, ii, 236; Michaels, Ab>ti\, 1907, 
ii, 124; Osterhout, this vol., ii, 62) as regards their influence on 
germination are extended, and the same action is shown to occur with 
strontium chloride, zinc sulphate, and barium chloride. T. A. . 


The Changes Taking Place in the Composition of Fruits 
which Ripen after being Gathered. Kichabd Otto and AY. V. 
Kooptn (Zeitsch. Xahr. 6 'enusstn.-, 1910, 19, 10 13).— -Kesu & o 
analyses are given showing the changes which take place m ie 
chemical composition of certain fruits (Primus ttjnnosa, etc.) w ien i 
latter are allowed to ripen (naclireifen) after being gat leie . wr s 
found that the Isevulose increased from 14 44 to M 
dextrose decreased from 1 6*04 to 10'75'".j, these re.^u t& -Njing C ^ 1 f nm 
on the dry substance. The total acidity (as malic aci ) euiea 
9T7 to 6*56%, and the tannin from 9‘4i> to 6 8w <0 . 


The decrease m 


an to trot) 1 ;',, ana nne tannin num * ™ v xv, P 

the amounts of acid and tannin was, therefore, mue i a, S _ ' 
increase in the quantity of total sugar. The taamn appeaiedto be 


The increase in the sweetness 

of tho sloe-fruit during ripening thus seems to be due to a decie< e 


quantity < 

converted into an oxidised compound. 

■uit during ripening t bus ”T he conversion of 

the amounts of acids and tannin present, an p ^ 

dextrose into laavulose. 

Microchemical and Physiological Studies on ^ 

Kkmanxo Cavazza ( Zeitsch . mss. A fikroskopie, , » catec bol ( 

tabulated record of the microehenucal reactions shonn by c. 

Y T OL. XCVIII, ii. 
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caffetantfic acid, pyrogallol, resorcinol, phloroglucinol, vanillin,, quinol, 
and salicylic acid with ferric chloride, ammonium metavunackte, 
potassium hydroxide, potassium dichromate, tellurium i carbonate, gold 
chloride, and palladium chloride. The tannates of indium, Uni hntmm, 
iridium, yttrium, palladium, and cerium were pi epared. 

A comparative study of the quantity ot tannin contained in the 
leaves and in the branches of oak, chestnut, tamarisk, fir, and other 
forest trees at different periods of the year showed that the amount 
frequently varied inversely ; the tannin content of the leaves reaching 
its maximum in September, that of the twigs m July and l JeocmW. 

r . M. (t. }I, 

Choline Content of Certain Edible Fungi Kadi. Pui.stokff 

(Festschrift Otto iVdlach, 1909, 579 - 583 ). -Since choline is converted, 
under certain conditions, by micro-organisms into neurmc (compare 
Schmidt Abstr 1892, 219), the proportion of choline in three common 
edible fun«i, namely, Caiilhartllus cibariut, Atjarieus eamputrit, anil 
lioletvs f.dulis, has been estimated and found to be present to the extent 
of 0 01°' 0 0 15%, and 0 0056% respectively. It is evident,, therefore, 
that cases of poisoning arising from eating preserved fungi are not to 
be attributed to the action of neunne derived from choline. 


Presence of Gentiopicrin in Chlora perfoliate dime 
Boirqlelot and Marc Bbidei. (Lompt. rent/., 1910, 150, 114- It; 
r Pharm . Chita., 1910, [via]. 1, 109-113).— Gentiopicrin has been 
isolated from Chlora prfoliata, in which it occurs to the extent of 
1 . 8 <V. The product was found to he identical with the jhicoside 
occurring in the yellow gentian. " . 0. M. 

Occurrence of Betaines and Choline in Drugs containing 
Caffeine and Theobromine, Kari. Polstorkv (FesUcbtjt Om 
Wallach, 1909, 569 — 578).- Kola beaus contain from 0 -J to 0 4,i , oi 
betaine in addition to caffeine and small quantities of theobromine. 
Coffee beans contain about 0'2% of trigonel line, whilst choline is 
present in cocoa beans, Indian tea, and Pasta Guarana. W . «• 5. 

Presence of an Alkaloid in the Seeds of Lunaria biennia 
Ecokxi Hairs (Bull. Acad. roy. Bely., 1909, 104- 1 > 

yield about 1% by weight of an alkaloidal residue containing a veil- 
defined, crystalline alkaloid and possibly a second similar snUtan 

The crystalline alkaloid, m. p, 220> (decomp.) isolated and nmri 
in the usual way, forms slender, colourless needles, po^es tbiUer 
taste, and dissolves readily in chloroform, but is «">«!) - 1 ^ 
ether or water. It is distinctly alkaline in reaction, di-oh 
in dilute acids, and gives precipitates with the u8U:ll ^ 1, l l » 1 | c fronl 
Unlike the alkaloids, sinapine and cl.eirol.ue, a head} • M ■■ 
plants of the same natural order (< ruciferae.), it do .. ^ ^ 

sulphur. ^ 

Formation of Glucosidee by means of Pl ft nta ^biACOMO ^ 
Ci»micun ami Ciko Kavenna (Attt R. Acc<tt < . ^i«c« » ■ l ’ maize 
594 -596. Compare Ab.tr., 19U9, u, Wl4).-&ot only 
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plants, but also the pasty mass obtained by triturating them with 
water, are able, in presence of toluene, to decompose suiicin and to 
transform saligenin, catechol, and, possibly, quinol and mamielonitrile 
into glucosides which are decomposed by etnulsin. q\ j{ p 

Occurrence of Formic Acid in Raspberries. A. Rohrig 
(failsch. iVoAr. Genus sm . , 1910, 19, 1—8).— The author has 
investigated the question of the occurrence of formic acid in fruits 
more particularly in raspberries, the matter being of some importance 
seeing that this acid is employed to preserve fruits and fruit- 
juices and that the quantity thus added has to be estimated. Ho 
finds that fresh raspuerries contain 0*000176% of formic acid, a 
quantity that would scarcely come into consideration when dealing 
with the amounts of formic acid used for preservative purposes. The 
method described by Wegner (Absti\, 190:3, ii, 700) was employed 
for estimating the formic acid, it having been found to be the most 
trustworthy. As regards the fact that lactic add also yields carbon 
monoxide when heated with sulphuric acid, the author shows that 
the volatile acids obtained from raspberries contain only a trace, if 
any, of this acid. W. P. S. 

Influence of Cultivation on the Alkaloid-content of Certain 
Solanacise. J. Chevalier (Compt, read., 1910, 150, 344—346). — 
The yield of alkaloids obtained from specially cultivated plants can be 
considerably increased by the employment of an appropriate manure. 
In experiments carried out on a large scale, it was found that 
Belladonna plants yielding 0'32 — 0*3 3% of alkaloids under ordinary 
conditions of cultivation, gave 0*48 — 0-19% when manured with 
phosphates and 0*40— 0*61% when treated with nitrates. Under 
certain conditions a nitrogenous manure gave 0*75% of alkaloids for 
the dried leaves. Similar results were obtained in experiments on 
Datura stramonium and Hyoscyamus. W. O. W. 

Occurrence of Anisyl Alcohol and Anisaldehyde in the 
Fruit of Tahiti Vanilla. Heixricii Walbatjm [Festschrift Otto 
Wallach, 1909, 649— 653).— Vanilla from Tahiti has not the same 
aroma, and is not so valuable as that from Mexico or Reunion ; it is 
found to contain anisic acid, anisaldehyde, anisyl alcohol (^-methoxy- 
benzyl alcohol), and very small quantities ot substances which ave 
not been isolated and have an intense odour. The occurrence o 
jo-methoxy benzyl alcohol in nature has not been observed p^eviousj^. 


Behaviour of Plants towards Lithium Salts. Giro Ravenna 
and M. Zamorami (Alti Ii. AccaJ. Liucei, 1909, L v], 18, n, - )■ 

-It is usually supposed that lithium has a highly toxic action > ° 

higher plantsf Finding that the ash of tobacco leaves contain 

sufficient lithium to impart a marked coloration to a imOi * ‘ - 

have investigated the effect of lithium sulphate on various pa ■■ 
tobacco and the potato, this salt has no toxic action, u wi • ’ 

to a still greater extent, with beans, there is a distme po^ ^ ^ j, 

17—2 
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Accumulation of Nitrogen in Soils. A. Krainsky {Canir. 
Bakt. Par., 1010, ii, 36. 231— 235).— Liquid cultures of Azotobacter 
utilise 100—200 units of sugar for* 1 of nitrogen fixed. In sand 
cultures, owing to better aeration, the amount of carbon used i s 
11-30 units to 1 of nitrogen fixed. The economy of organic matter 
in soils is attributed to the co-operation of autotrophic organisms 
which in absence of light produce organic compounds by the 
decomposition of carbon dioxide with liberation of oxygen. 


Use of Boron as a Catalytic Manure. H. Agolhox (Compt. 
reml 1910 150, 288—291. Compare this vol., n, 2-11).— The 
addition of boric acid to a nutrient sterile medium in which wheat 
w, w grown has been found to be distinctly beneficial to the plant?, 
unless added in amounts greater than 0*01 gram per 1000 grams of 
medium when germination is prevented and the plants become 
eiiol i ted Similar results were obtained in experiments earned out 

under natural conditions in earth. The increased yield (calculated on 
the dried plant) amounted to 50% with maize, 21% with rape seed, and 
in the case of turnips, when a dose of 0 5 gram of boric acid per 
metre was employed. No distinct increase occurred in the case of 
peas or oats. Estimation of boron in the ash showed that plants 
grown under these conditions contained only the normal proport.on of 
this element. 


Manuring with Carbon Dioxide. Eiuiakd A. Mraimiuui 
ILandw. Jakrb., 1910,39, 157-166).-Two series of pot experiment, 
are described, iu which oats were grown in thiee different soils (sand, 
soil loam, and peat soil) without manure, with complete manure, and 
with manures in which phosphoric acid, nitrogen, and potamm 
respectively were wanting. The one series was watered with tap- 
water, the other with water saturated with carbon dioxide. 

The results showed that no increased yield was obtained by 
increasing the amount of carbon dioxide in the soil. A sinad 
amount o^f carbon dioxide rapidly increases the solubility o sparing y 
soluble plant nutrients, and it would seem that unde, natiiul 
conditions the soil almost always contains sufficient carbon dioxide, 
ehher given off by roots or produced by .he oxidation o ^ 
matter Application of substances for the production of <srbo 
dioxide in the soil therefore unnecessary. 

Actions of Zinc in Pot Experiments. 

Ammonia Question. XI. Paul ?t l shorn 

1910, 72, 15-142. Compare A bstr , 1908, n, U 
that the employment of sine may obscure the results of ) ‘I m 
by acting sometimes favourably and sometimes . j py the 

having unfavourable physical properties * nay be ’ “P irate A* 
presence of zinc, especially when manure wi wh( , u au , mo nium 

regards the effect of zinc on manures, it is sho '™, . . th0 ammonia, 

salts are employed, the zinc may liberate a p Under sterilised 

which will act injuriously ou the roots of the p a ... 
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conditions, the injury will be much greater, owing to the absence of 
nitrification. Other possible modes of action are discussed, such as 
the stimulating action of zinc on plants, the poisonous effects of zinc 
dissolved by acid soils, etc., and the conclusion is drawn that the use 
of zinc should be avoided in vegetation experiments, in drainage 
experiments, and for collecting rain-water when the amounts and 
condition of the nitrogen are to be determined. 2S\ H. J. M. 


Analytical Chemistry. 


Micro-chemistry with Special Reference to Behrens’ 
Work. Friedrich - Emicu (Her ,, 1010 , 43, 10 — 45). — A general review 
of the methods adopted in studying the properties of chemical substancos 
and in their detection and estimation. J. J. S. 

Automatic Gas Analysis Apparatus. Karl Houmaxx (Festschrift 
Olio Wallach , 1909 , 478 — 495 ). — A somewhat complicated apparatus is 
described, in which one or more gas measuring tubes are combined 
with the ordinary Orsat pipettes, and in which the various operations 
involved in the exposure of the gas mixture to the absorbing reagents 
are effected automatically. The apparatus is designed in such a 

wav that it can be used either with water or with mercury, 

3 u \r n 


Gas-volumetric Estimation of Hydrogen by Catalytic 
Absorption. Carl Paal and Wjluelm Hartmans {Her., 1910, 43, 

243 258). — Colloidal palladium, prepared by the method of Paal- 

Amberger (Abstr., 1904, ii, 180; 1905, ii, 397), will absorb 300—400 
limes its volume of hydrogen. If the palladium-sol also contains a 
reducible substance, the latter is reduced by the hydrogen, and the 
palladium may be used to absorb further quantities of hydrogen, lho 
authors show that this reaction may be used for the estimation ot 
hydrogen in gaseous mixtures. The reducible substance used is 
sodium picrate, 2:4: 6-triaminophcuol being formed. I he palladium- 
sol is contained in a medified form of Hempel pipette, <mc t e y ru 
gen absorbed in the usual way. The time of absorption vanes lom en 
to one hundred and twenty minutes, according to the mixture to be 
analysed. The method was tested on mixtures of hydrogen wi . 
(1) oxygen, (2) nitrogen, (3) air, (4) carbon monoxice, (a) o* 
monoxide and nitrogen, (6) carbon monoxide arul air, (0 l111 ^ p 
gaseous hydrocarbons, (8) ethane, (9) ethane and ni •^en, ( . _ 

and air, (11) ethane and carbon monoxide. It was a *o e> 
gas. In each case the absorbable constituents other han ydiogen 
were absorbed by the usual reagents before absor mg >e J * ^ 

It was found that when oxy-hydrogen gas was trea ted vth^hc 
palladium-picrate-sol, it was catalysed to water, the pi '<■ ^ ^ p B 

reduced. 
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New Reagent for Hydrogen Peroxide. K. W. CiiARiTsr U1!DI . v 
(Chem. Zeit 1910, ‘34, 50).*— A strip of filter paper is . drenched m ;v 
solution of cobalt naphthenate in benzene and then dried. The 
coloured paper turns at once an olive-green wheu moistened with even 
very weak solutions of hydrogen peroxide. 

By suddenly directing a flame on a piece of ice, traces of hydrogen 
peroxide will be formed, and may be detected in the liquid. 

R- nx K. 

The Effect of Continued Grinding on Water of Crystal- 
lisation. Irvino B. Bleekkr (Chem. iVews, 1910, 101, 30). — On 
continued grinding for two hours in an ordinary Wedgwood mortar, 
magnesium sulphate lost 2 , 5D , / Y„ disodium hydrogen phosphate 
and aluminium potassium sulphate 0*49%, of water of crystallisation! 
In the case of barium chloride, however, the salt became moist, and 
sticky, and the amount of water was increased by 2'll%. Maguesium 
sulphate also became moist at first, but soon changed again to a dry 
and powdery condition. L. de K, 

Estimation of Chlorates in the Presence of Nitrates and 
Chlorides. Tarak Nath Das (Chem. Xews, 1910, 101, 38 — ;><)). — 
The solution is heated in a specially constructed flask with excess of 
sodium hydroxide and a definite amount of standardised stannous 
chloride in a current of hydrogen. The exit tube dtps into a boater 
containing standard iodine solution made alkaline with sodium hydro- 
gen carbonate. When the liquid boils and the reduction is complete, 
the flask is cooled suddenly, thus causing the iodine to enter the flask. 
The solutions of the flask and beaker, together with the washings of 
the whole apparatus, are collected, and the excess of iodine is estimated 
as usual. 

The iodine used in the reaction represents the excess of stannous 
chloride, and the stannous chloride oxidised represents the chlorate. 

L I)B K. 

Apparatus for the Estimation of Sulphur in Iron and 
Steel. Georg Pheiss (Zeifuch. tutgeio. Chem., 1910, 23, ’Joii)..-An 
improvement on the apparatus described previously (Ahstr., 1909. ii, 
933). The Kipp apparatus is dispensed with, and no water need 
circulate through the cooler. The recoil valve introduced in the little 
tube inside the absorption vessel prevents all regurgitation of the 
liquid, and the apparatus, therefore, does not want constant attention 
even when there is no carbon dioxide pressure. 

The flask is tilled with the required amount of hydiwhloric acid. 
I) 1*52, and the absorption vessel tilled with cadmium Hiuion. The 
weighed sample of iron or steel i* now dropped into the acid, and the 
cooling arrangement is then instantly put on and sealed with water. 
The ground joint of the cooler lws at the top and the bottom a ?ma.i 
circular opening ; in the ground joint of the neck of the flask theie is 
a small rabbet. By means of a wash bottle, a cold •>', solution oj 
sodium hydrogen carbonate is introduced through the uppm jioto 
the cooler, and the flask is then at once boated with a mha-.I flp? 
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until tho material has completely dissolved. By turning the Cooler on 
to the rabbet in the neck of the flask, the soda solution runs into the 
flask, and the carbon dioxide evplved forces any remaining hydrogen 
sulphide into ^ ie ca dmium solution. If it should be necessary to use 
hydrochloric acid, D 119, a special washing arrangement (see the 
author's previous paper) must be used. L. pe K. 


Estimation of Total Sulphur in Urine. Stanley R. Benedict 
/j Jjiol. Chem., 1910, 7, 101 — 102).— A criticism of Ritson’s paper 
(Abrtr., 1909, ii, 827). 

Desulphitation of Wine by means of Hexamethylenetetr- 
amine. Rouillard and Goujon {Ann. Falsify 1910, 3, 14 — 16). — 
Attention is drawn to the fact that hexamethylenetetramine is being 
used to remove excess of sulphurous acid from wines ; in an acid 
solution such a3 wine, hexamethylenetetramine undergoes decom- 
position with the production of formaldehyde, which combines with the 
sulphurous acid. The portion of the latter acid thus combined is not 
readily liberated on boiling the wine with the addition of phosphoric 
acid and, consequently, the ordinary methods of estimating sulphurous 
acid in wine yield too low results should tho wine have been, treated 
with hexamethylenetetramine. The aldehyde-sulphurous acid compound 
formed is, however, not absolutely stable, and by acidifying such a 
wine with sulphuric acid and distilling, it is possible to detect form- 
aldehyde in the distillate by means of the usual magenta- sulphurous 
acid reagent. White wines may be tested directly with this reagent, 
and the test may also be applied to red wines, without distillation, if 
the colouring matters is first removed by treatment with animal 
charcoal j in> either case tho wine must be acidified with sulphuric 
acid before the test is applied. Experiments made by the authors show 
that treatment with hexamethylenetetramine will apparently ‘-remove” 
of the sulphurous acid from a wine containing 100 milligrams of 
Mdphurous acid per litre. ^ ^ k* 


Volumetric Estimation of Sulphuric Acid by the Barium 
Chromate Method. M. Holliger [Ztitsck. anal. Cham., 1910, 49, 
81 — 96). — A slight modification of Andrews' method. The neutralised 
sulphate solution is heated to boiling, and precipitated by adding 
barium chromate emulsion, cleared just before use, with a sufficiency 
of hydrochloric acid. After adding a few drops of ferric chloride, 
the undecomposed barium chromate is precipitated by ammonia m 
slight excess. Tho filtrate and washings are then mixed with l0 c.c. 
of hydrochloric acid, and diluted to 400 c.c. The soluble chroma e 
formed by the action of the sulphate on the barium chromate, which, 
therefore, represents the sulphuric acid, is then estimated iodo- 
motvicaUy as usual. L ‘ DE K ‘ 


The Heat of Chemical Reactions as a Basis { or * N ®? 
Analytical Method. Henry Howard (/. .>'<«<*■ C^m. • • » 

d — 4)- — Assay of fuming sulphuric acid. — One hundiet giam . t it 
finite are weighed in a Dewar vacuum tube, 100 x 4;> mm., and - 
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temperature (a) is noted. One hundred grams of exactly 02°/, Kul| ( h m .j 
acid (temp. 6) are added with stirring, and the end temperature (?) 
noted. The heat of the reaction is represented by e~{a + 6} <‘2, and 
reference is then made to a table showing the percentage of f 1G 
sulphur trioxide (from 21 — 26%). 

Assay of ordinary (96% — 99%,) sulphuric acid . — One hundred "rams 
are weighed in the Dewar tube, and the temperature (a) j s 
One hundred grams of fuming acid (24 — 25% of free sulphur triable) 
(temp, b) are added, and the end temperature (c) is noted. Tho heat 
of the reaction is represented by c~{a + b)j 2, and reference is then 
made to a table showing the percentage of hydrogen sulphate (from 
96*6 — 99%). 

The principle of the method may, of course, bo applied in a large 
number of other cases, for instance, an alkali might be estimated by 
noting the rise in temperature on adding acid, etc. L. tie K. 

Gas volumetric Analysis with the Decomposition Flask " 
and the Estimation of Nitrogen in Smokeless Powders. Kknst 
IJerl and A. W. Jurrissen {Ztilxch. angew. ('hem., 1010, 23, 
241 — 248). — The apparatus consists essentially of a strong, round- 
bottomed flask of 250—300 c.c. capacity. By moans of a ground 
joint, a glass hood is attached, which carries at one side a dropping 
funnel, with a glass stopcock, and at the other side a e;i pillary tube 
closed with a three-way stopcock. By turning the latter in tlu* proper 
positions, communication may bo established with a water air-pump, 
or with the Lunge nitrometer. 

The analysis is carried out by treating tho substance with sulphuric 
acid and a little mercury in a vacuum ; sometimes a preliminary 
oxidation with chromic acid is required. The impure nitric oxide 
liberated, which must undergo further tests, is expelled from the flask 
by means of a saturated solution of sodium sulphate, and transferred 
to the Lunge burette. L de K. 

Distilling Apparatus for Nitrogen Estimations by Kjeldahl’s 
Method. Wolfgang Heubner and Georg Wiegner (J. Laudic., 1910, 
57, 385 — 390). — A new form of bulb for attaching to the distilling flask 
is described with sketch. The bulb is stated to bo very etlie.ieiuus in 
preventing alkali from being carried over without prolonging the 
distillation. When zinc is employed, a similar bulb partly filled with 
glass beads is recommended. N. If. J. M. 

[Modification of] Ronchese’s Method of Estimating 
Ammonia. John* M. Wii.kif. {J. ^ 'oc . ('hem. ln>h, 1910,29,6 -7). 
— The author has slightly modified Ronchese's formaldehyde method 
so as to render it more generally applicable. _ 

A A’/10-solution is made of ammonium sulphate ; a .\ 5 one in the 
case of other mineral ammonium salts ; 10 c.c. of the liquid aie then 
made exactly neutral to methyl orange (methyl-red is still Letter ), 

20 c.c. of 10 V, formaldehyde, neutralised immediately before use, aie 
added. Tho liberated acid, which represents the ammonia, is then 
titrated with *V 20-barium hydroxide, using phenolpht halei* a> 
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indicator. If the water used is quite free from carbon didxide, the 
end reaction will be very sharp. 

Organic salts of ammonia, provided their reaction is neutral, may also 
t, e estimated by this process. Hexamethylenetetramine may be con- 
verted into ammonium sulphate by heating with sulphuric acid, and 
then be treated as directed. L DE k. 

Iodometric Estimation of Phosphoric Acid. Paul Artmann 
[and B. Brandis] {Zeitsch. anal. Chem., 1910, 49, 1—25). — The process 
is based on the determination of the ammonia contained in ammonium 
phosphomolybdate. One gram of the phosphate is dissolved in nitric 
acid with addition of a little hydrochloric acid ; the solution is Freed 
from sulphates by means of barium nitrate, and finally made up to 
250 c.c. ; 25 c.c. are then taken for analysis. The yellow precipitate 
obtained in the ordinary way is washed, by decantation, with water, 
and then dissolved in 4—5 c.c. of 2A r -sodium hydroxide ; the filter is 
moistened with a little A r / 2-alkali, and then washed with 40 — 50 c.c. of 
water. To the solution are then added 20 c.c. of hypobromite solution 
(7-5 grams of bromine per litre), the strength of which has been care- 
fully ascertained by titration. The liquid is now saturated with 
sodium hydrogen phosphate (8 — 10 grams), and 1‘5 grams of potassium 
iodide are added ; 15 c.c. of 4 .V- sulphuric acid are now added, and the 
iodine liberated is then titrated as usual with .y/K^'thiosulphate. 

The percentage of phosphoric acid (x) is calculated from the formula 
*-a(6-c)/0*0L608M, in which a = grams of iodine per 1 c.c. of thio- 
sulphate, b — c.c. of thiosulphate used for 20 c.c. of hypobromite, 
c = c.c. of thiosulphate used in the final titration, and quantity 
(1 gram) weighed out for analysis. 

Further experiments as to the suitability of the process for technical 
purposes are in progress. L. dk K. 

Estimation of Arsenic in Copper. E. Azzarello (Gazzetta, 
1909, 39, ii, 450 — 453). — The author has modified the apparatus and 
method devised by Hollard and Bertiaux (Abatr., 1900, ii, 438) for 
estimating small quantities of arsenic so as to render the estimation 
more rapid and trustworthy. T. II. P. 

Detection of Minute Quantities of Boron in the Organism 
and in Complex Mixtures. ■ Carrier Bertrand and H. Agulhon 
(dtt/i, Chinu anal., 1910, 15, 45—53*). — The ash obtained is distilled 
with a little sulphuric acid and methyl alcohol, and the distillate is 
received in a platinum crucible containing a few drops of A T -sodium 
hydroxide. The distillation is repeated after adding a little more 
methyl alcohol, and the mixed distillate is then evaporated to 
dryness. 

The Turmeric Test . — The residue is dissolved in 1 c.c. of water, and 
acidified with hydrochloric acid. A strip of delicate turmeric paper 
is introduced in such a manner that only a small part of it dips into 
the liquid, and the other part is bent over the side of the crucible, 
which is then covered with a watch-glass. After a few minutes, or a 
fert hours, according to the amount of boric acid present, the extreme 

and Suit. Soc. chini 1910, [iv], 7, 90—99. 
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ond of. the paper turns orange-red, and then bluish-violet on moisten- 
ing with aunnonia ; this way is preferable to the drying at a higher 

temperature. . 

The Home Test . — The alkaline residue is mixed with a puu-li of 
finely-powdered calcium fluoride and a drop of sulphuric acid. A 
platinum wire is dipped in, and introduced in the extreme end of a 
pure hvdrogen flame; the boron fluoride will then cause a green 
coloration, which may bo examined spectroscopically. L. i>u K. 

Use of Lead Peroxide in Organic Combustions. Hugo Weil 
(Ikr 1910, 43, 149). — Commercial lead peroxide always evolves 
carbon dioxide when heated. Samples after warming with nitric acid, 
or heating at 100° with syrupy phosphoric acid, still invariably give 
carbon dioxide when heated at 280° in a combustion tube. Material 
freed in this manner may be used for six or eight combustions with 
satisfactory results; it then absorbs carbon dioxide, and low results are 
obtained in the analysis. When more strongly heated, the twrbon 
dioxide is again eliminated. The use of lead peroxide is therefore to 
be avoided. E ‘ A - 

Estimation of Carbon, Hydrogen, and Nitrogen in Highly 
Combustible Liquids. Ernst Bebl (Zeitsch. angew. Chm., 1910, 

23 0 19) Instead of weighing the liquid intended for organic 

combustion in small glass bulbs, the requisite quantity is dropped from 
a weMiintr pipette on to copper oxide contained in little goblets made 
from 'tiue'eopper wive gauze. Before use these are first heated in a 
copper crucible and corded in a desiccator. L. lie Iv. 


A Simple Burette for the Estimation of Carbon Dioxide. 
H If Stfphexson {Cheni. Xeus. 1910, 101, 61). — The burette resembles 

ftBunte burette tilted with a three-way stopcock at each end. One tube 

from the lower stopcock ( B) is connected by a rubber tube to a bottle (C) 
containing water, amt the other tube to a bottle {/>) containing 
aqueous sodium hydroxide, D 128. When required for use, (C ) is to 
raised until the burette is filled. The gas, after running for a morneu 
through the exit way of the upper stopcock (A), is connected with h 
burette, and 100 c.e. of the gas measured in the usual way. (- ) bemg 
closed, iC) is lowered until the water just appears m the burette abov 
tho stopcock (Ii). The cock is turned to connect with (B , and the 
absorption of the carbon dioxide accelerated by shaking the burette 
and lowering the bottle (D). The volume of the gas is then 
erff with the usual precautions. 

Assay of Calcium Carbide, Sodium Amalgam, and Zinc 
Dust with the “ Decomposition Fla*." 

A. \V. Jlkkissex (Zuitsch atvjtw. 0 Item., UlO, 23, - ' y' | > 

6 ut,-ta,.res may l.e conveniently tested by means of Urn auti^ 

decomposition Hark (tliis vol„ l), '-40). Caleinmcarbo ■» » y 61 | illg 

the evacuated flask with water saturated with fteetj 1 >' 1 ; ( ,* 

the uiass with the same liquid, all the 

tile measuring burette, the water-seal of which is also .. 

iu-etv*ene. 
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SoJiwn amalgam is decomposed with acidified water, and the 
hydrogen expelled from the flask by means of brine. Before measuring, 
any carbon dioxide is absorbed with potassium hydroxide. 

Zinc or zinc dust is dissolved' in hydrochloric acid with a drop 
0 f platinum chloride to accelerate the action, but copper sulphate 
should not be used for that purpose. Before dissolving the zinc, the 
air from the flask must be swept out completely by a current of 
carbon dioxide. L. de K. 

Quantitative Separation of Calcium and Magnesium in 
th <4 Presence of Phosphates and Small Amounts of Iron, 
Devised especially for the Analysis of Foods, ^Urine, and 
Faeces. Francis H. McCrcdden (J. Biol. Ckem 1910, 7, 83 — 100, 
201). — Two drops of alizarin solution are added to the solution, then 
ammonia until just alkaline, and then hydrochloric acid until just acid j 
10 c.c. of A/2-hydroehloric acid and lOc.c. of 2'5% oxalic acid are 
then added, and the mixture is boiled ; a small amount of ammonium 
oxalate is added gradually to the boiling solution, which is then 
allowed to cool ; when cold, 8 c.c. of 20% sodium acetate solution are 
added slowly and with constant stirring. It is then left for 
four to eighteen hours, filtered, and the precipitate is washed free 
from chlorides with 1% ammonium oxalate solution. The precipitate 
is then incinerated with the filter paper and weighed. The filtrate, 
which contains the magnesium, is evaporated nearly to dryness with 
nitric acid ; 10 c.c. of hydrochloric acid are added, and again evapor- 
ated nearly to dryness, diluted, nearly neutralised with ammonia, and 
cooled ; then disodium hydrogen phosphate and ammonia are added, 
and the magnesium weighed as pyrophosphate in the usual way with 
certain precautions, which are described in full. If iron is present, 
sodium citrate solution is added before the magnesium is precipitated. 

W. D. H. 

Influence of Manganese on the Estimation of Magnesium in 
Soils. P. deSornay ( Bull, Assoc. C him. Suer. Disl., 1910, 2T, 671 — 1 675). 
— Precipitation with ammonium hydroxide fails to lemove the whole 
of the mauganese present, and on adding sodium phosphate, a pre- 
cipitate, consisting of ammonium magnesium phosphate and ammonium 
manganous phosphate, with a trace of manganous hydroxide, is obtained. 
Attempts to eliminate the whole of the manganese before precipitating 
the magnesium were unsuccessful, owing, it is supposed, to the presence of 
ammonium salts. Bromine water failed to oxidise the manganese 
completely ; and when ammonium sulphide is employed, most of the 
magnesium remains in the precipitate. 

The method adopted was to ignite the sodium phosphate precipitate 
and determine the manganese present by I-eclerc's method. In one 
soil it was found that tho precipitated phosphates contained more than 
50% of manganese. II - J* ^1- 

# New Volumetric Methods for Titrating Zinc or Lead. Erwin 
Burr (CVieiH, Zcit. s 1910, 34, 121).- -Zinc.— 10—20 c.c. of an approxi- 
m /2-solution of pure potassium cyanide, which has been checked 
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with JV,’2-hydrochloric acid, are placed in an Erlenmeyer flasis. > 
little water and 0 3—0 5 gram of ammonium chloride are added, inJ 
the neutralised zinc solution is then added, while rotating the lis.it.tlel 
until a permanent cloud is. produced. One c.c. of iV/2-cyamde 
0-008171 gram of zinc. If pure cyanide is not available, the cyanide 
may be checkod with a standard zinc sulphate solution neutral to 
methyl-orange in presence of ammonium chloride. 

Lead .— To 20—25 c.c, of pure iV/2-cyanide, checked with A72- 
hydrochloric acid and methyl-orange, is added a definite yolnine of 
lead nitrate solution neutral to methyl-orange; the whole is made up 
to 100 c.c., and in 50 — 70 c.c. of the filtrate the excess of cyanitjp k 
estimated with A ? /2-bydrochloric acid. The difference between tin-, 
titrations represents the lead j 1 c.c. of .V/2-acid ~ 0*05178 gram of 
lead. L. de K. 


Estimation of Cinnabar and Sulphur Auratuw in Rubber 
Wares, Fritz Frank and Karl Birkner (Chem. fait, l$ f 10, 34 ; 
49 — 50. Compare Absfcr., 1909, ii, 833). — 0 5 Gram of tlie'cnt«up 
sample is placed in a 100 c.c. round- bottomed flask, and 10 grams of 
ammonium persulphate and 10 c.c. of fuming nitric acid 1(D 15) are 
added. The action starts in the cold, ami when, after a few minutes, it is 
practically over, it must be completed by heating moderately on a 
sand-bath for fifteen to twenty minutes. Should the oxidation be still 
incomplete, another 3 grams of persulphate should be added little by 
little. The mass, which on cooling forms a solid cake, is then dissolved 
in hot water, if necessary, aLer addition of about 10 c.c. of hydro- 
chloric acid. 

The solution, which contains all the antimony and mercury present, 
and also the joint sulphur as sulphuric acid, is then analysed for these 
substances as usual. If no great accuracy is required, it is sufficient 
to weigh jointly the sulphides of mercury aud antimony freed from 
excess of sulphur ; extraction with yellow ammonium sulphide will 
leave the mercury sulphide undissolved. L. ee K. 


Reaction of Titanium. Hen ay J. 11. Fenton {}Ur., 1910, 43 
287 — 268). — Piccard (this vol., i. 67) has suggested that the colour 
obtained with di hydroxy maleic acid and compound* of quadrivalent 
titanium is due to tervalcnt titanium formed by the reducing action o) 
the di hydroxy maleic acid. The author had previously suggested the 
reaction as a very delicate test for quadrivalent titanium (l runs, 1908, 
93, 1064). Further experiments have shown that tervalent titaniun: 
gives a different coloration from quadrivalent titanium. In tuodevatel) 
dilute solutions the latter gives a brilliant orange colour, whereas the 
former gives a dull yellowish-brown, which is only changed to orange 
on oxidation by atmospheric oxygen. I- & ^ > - 


' Microchemical Detection of Tannins. Luict E- Cavazz. j 
(kitsch. wits. MikroscojAe, J3W, 26, 59-64).-Seo this vol., ii, 233. 








